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TRANSLATORS' PREFACE. 

It is believed that the translation of this work into English, 
undertaken with the Author's approval, will prove to be of 
some value to mining engineers and students of mining. The 
subjects dealt with have been hitherto rather outside of the 
field of practice of American engineers, perhaps chiefly because 
there has been but little need thus far in this country for at- 
tempting the development of such mineral deposits as are over- 
laid by deep accumulations of unstable, water-bearing soils, 
or alternations of these with rocky strata. 

Our mineral deposits are generally accessible by shafts 
simk under more favorable conditions. Considerable areas of 
the continental coal measures, as well as some of the important 
deposits of salt, gypsum, etc., are covered by geological for- 
mations of which no exact parallel has yet been encountered 
in this country. It would, for example, be difficult to dupli- 
cate here at present such adverse conditions as are set forth 
in the geological sections described in the tables on pages 90 
and 137, in point both of depth and of the extremely un- 
favorable nature of the soft, water-bearing strata overlying 
the mineral deposits. 

However, the time cannot be far distant when our own 
less easily worked mineral deposits must receive attention, 
making necessary the sinking of shafts more or less under the 
conditions described in the foDowIng pages. Some shafts 
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iv TBANSLATORS' PREFACE. 

have already been put down in difficult, water-bearing forma- 
tions, in the iron regions of northern Michigan, in the anthracite 
fields of Pennsylvania, in southern Louisiana for sulphur and 
salt, and elsewhere. Possibly the difficulties, or the partial 
or complete failure, of some of these enterprises might have 
been avoided if their projectors had had knowledge of the 
successes achieved in similar circumstances by European 
engineers. 

Comparatively little of the literature of this interesting 
field of engineering has appeared in the EngHsh language, and 
we venture to hope that the translation of this brief mono- 
graph will meet with a favorable reception among mining 
engineers. It may not be amiss to point out that some of 
the methods of sinking herein described — or at least adapta- 
tions of them — are applicable also for the moderate depths 
usually reached by civil engineers, in building deep foimda- 
tions in watery soils for heavy structures. 

C. R. Corning. 
Robert Peele. 

New York, May, 1907. 



AUTHOR'S PREFACE. 

The present work consists chiefly of a revision and amplifi- 
cation of previous publications, dealing with shaft-sinking, 
issued by the firm of Haniel & Lueg of Düsseldorf, Privy 
(Counselor H. Lueg, Bergrath Lücke, General Manager B. 
Schulz-Briesen, and the present writer. These articles and 
books comprise: 

1. "Shaft-sinking at the Time of the Düsseldorf Exhibition 
of 1902", by the present author. 

2. "Recent Progress in Shaft-sinking"; a paper read by 
the present author before the Eighth German Mining C!on- 
vention at Dortmund, 1901. 

3. "Modem Methods of Shaft-sinking", by Haniel & Lueg, 
1896. 

4. "Recent Developments in Methods of Shaft-sinking 
through Quicksand", 1896; a paper read by the author before 
the Lower Rhine Branch of the Society of German Engineers. 

5. "Shaft-sinking through Quicksands in Shaft No. Ill of 
the Rheinpreussen Mine, near Romberg on the Rhine", 1896, 
by Bergrath Lücke. 

6. "Innovations in Shaft-sinking through Lignite Forma- 
tions", 1893, by Privy Counselor Lueg. 

7. "Shaft-boring by the Kind-Chaudron System", 1884, by 
General Manager Schulz-Briesen. 
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Most of these articles appealed only to the small number 
of professional engineers who make a specialty of shaft-sinking, ^ 
and were therefore very brief. The following pages are in- 
tended for a wider circle of mining engineers, as weU as for 
students of this branch of engineering, though the presentation 
of the subject is not so general in character as to lack interest 
for the specialist. This fuller treatment is thought to be jus- 
tified by the coiuiieous reception accorded to the previous 
articles, especially that of 1902, by the engineering profession 
both at home and abroad. 

Much of the matter contained in the previous publications 
has already become obsolete and is omitted, to avoid render- 
ing the book cmnbersome and also to make room for detailed 
descriptions of the more modern methods now requiring dis- 
cussion. 

As indicated by the title, the only methods explained at 
length are those which deal with shaft-smking under diffi- 
cult conditions. Those modem methods which depend almost 
exclusively on hand labor are described first, chiefly for the 
purpose of furnishing a basis of comparison by which to measure 
recent progress in other directions. The author's principal 
aim has been to present a brief review of methods actually 
in use, in order to aid mine managers and others in authority 
in their choice of what would be suitable under given condi- 
tions. It is hoped that this mode of presenting the subject 
may prove to be acceptable. While the number of individual 
examples has been reduced, there are still enough to illustrate 
and explain all details of the various methods. Speaking in 
a general way, it has been deemed best in the individual cases 
to describe fully each example of shaft-sinking discussed, rather 
than to restrict mention thereof to the particular method of 
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work which may ultiinately have led to final success. In 
endeavoring throughout to TnaintAin an impartial attitude, 
the author has found it necessary to go into rather full descrip- 
tive details of each piece of work, so as to afford the reader 
ample opportunity to form his own judgment. 

The author desires to express here his smcere appreciation 
of the courteous responses which have been invariably accorded 

to his requests for information. 

The Author. 

DrSSELDOBF, 1905. 
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SHAFT-SINKING 

UNDER DIFFICULT CONDITIONS. 

I. 

SHAFT-SINKING BY HAND. 

None of the modem methods of shaft-sinking under diffi- 
cult conditions, in fact no mechanical process of sinking, has 
as yet successfully displaced sinking by hand, which, when at 
all applicable, still maintains its predominance over other 
methods. The great majority of shafts are to-day put down 
by hand labor, with the use of modem high explosives, the 
j drainage being efifected by means either of buckets, of Comish, 

: steam, or compressed-air sinking-pumps, or of the Tqmson 

I water-hoist. 

' The activity in shaft-sinking during the past few years 

|- has brought about many improvements, such as the use of 

hanging scaffolds, by means of which the masonry lining, or 
the. tubbing, may be put in place simultaneously with the 
j actual sinking operations. Progress has also been made in 

pumping the water, the old Comish pumps having been im- 
proved and so arranged that they are suspended in the shaft 
by ropes and can be readily raised or lowered. Steam sinking- 
pumps, similarly supported, are now much in vogue, though 
they are always sources of considerable heat in the shaft. Com- 
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pressed air is therefore gradually replacing steam as a motive 
power for these pmnps. 

Tomson's method of bailing by means of the pennanent 
hoisting-engine is much less open to the above objections. It 
is true that Pulsometer pumps, which are frequently employed 
to raise water from the bottom to shaft-tanks above, increase 
the temperature only slightly, but their efficiency is low and 
they are of late being advantageously replaced by compressed- 
air pumps. Tomson's water-hoisting apparatus, operated by 
the regular hoisting-engine, has none of the drawbacks of the 
pumps and is consequently becoming more and more popular, 
particularly for very wet shafts. Qne of the best examples 
of its use was to be seen during the sinking of the Wintershall 
Company's shaft, at Heringen, in Thuringia. A description 31 
this work, from which we cite the following data, was given 
in "Industrie" (Berlin) No. 48, 1902. The water-bearing bed 
of dolomite lies at a depth of 228 to 255 m. (748 to 836 ft.) 
below the collar of the shaft, and is 27 m. (88.5 ft.) thick. 
Such a depth is too great for lift-pumps and the management 
hesitated to put in plunger-pumps, as it was thought best to 
be ready at any moment to remove everything from the shaft 
preparatory to using boring apparatus. The Tomson water- 
hoisting plant eventually installed is the largest yet used. 
Three hoists were put in: one with a cylinder 942 mm. (36.7 
ins.) diameter by 1884 nmi. (73.5 in.) stroke; the second, 942 
mm. by 1570 mm. (36.7x61.25 in.); and the third, 890 mm. by 
1570 mm. (34.7X61.25 in.). The first two were designed to 
raise water-buckets of 10 cbm. (2642 galls.) capacity from a 
depth of 300 m. (984 ft.), and the smaller one for 6-cbm. (1584 
galls.) buckets from the same depth. 

This plant could easily hoist 15 to 16 cbm. (4226 galls.) of 
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SHAFT-SINKING BY HAND. 8 

water per trip from a depth of 300 m, (984 ft.)- The apparatus 
was suspended by ropes in the shaft, and the two accompanying 
receiving water-tanks had each a capacity of 36 cbm. (9504 
galls.). The water was pumped from the sump into these tanks 
by duplex pumps, operated by compressed air and bolted to the 
tanks themselves. Each of these, when full of water, weighed 
70,000 kg. (154,000 lbs.). The dolomite proved to be much 
firmer and more compact at Wintershall than in the other 
shafts put down in Thuringia, so that the total flow of water 
did not exceed 6 cbm. (1584 galls.) per minute and it was 
never necessary to run the equipment at its full capacity. 
The dolomite was reached December 1, 1901, and the shaft 
passed out of the same February 12, 1902, at a depth of 258 m. 
(846 ft.). At this point operations for shutting off the water 
were commenced, which indicated that the work had been 
successful. 

All three of the above methods of unwatering a shaft may 
be so arranged that, if necessary, the shaft can be drained 
even if the apparatus be under water at the commencement 
of operations. Stationary pumps are now no longer customary 
for shaft-sinking. 

The improvements referred to, together with careful plan- 
ning and eflBcient organization of the work, have brought about 
phenomenal results in sinking by hand, providing the flow of 
water be not too large. A few examples may be cited : 

At Aschersleben, Shaft V was sunk 286.4 m. (939 ft.) in 252 
days, including the installation of the lining and hoisting 
guides. From a point 18.6 m. (61 ft.) below the collar to 
216 m. (708 ft.), that is, a depth of 197.4 m. (847 ft.), the 
shaft was sunk, lined with tubbing and completed ready for 
hoisting, in 176 days. The average progress for the total depth, 
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286 m. (938 ft.) of completed shaft, was 1.12 m. (3.67 ft) per 
day; and the total cost, including tubbing, bolts, lead, con- 
crete, wages, and general expenses, was 1750 marks per meter 
($134 per ft.). We may add that a type of stuffing-box (Pat. 
No. 65012) used in connection with the shaft-lining m order to 
avoid the necessity of calking the joints, worked well during 
the past winters. They have not leaked, although movement 
in them has taken place on account of changes of temperature; 
and this in spite of the fact that at the same time much trouble 
was experienced in Westphalia because of leaky shaft-linings. 

At the first of the two Georgs-Marien-Hütte shafts, near 
Werne, Westphalia, marl was encountered at 25 m. (82 ft.) 
below the collar and continued to a depth of 459 m. (1505 ft.), 
i.e., a distance of 434 m. (1423 ft.), which was sunk in 9 
months, or a rate of 48.2 m. (158 ft.) per month. The total 
time required for sinking to the coal-beds at a depth of 580 m. 
(1902 ft.), including 10.6 m. (35 ft.) of quicksand at the sur- 
face and the lining of that portion with tubbing, was 20 
months (from September 1, 1899, to May 2, 1901). Average 
progress was 29 m. (95 ft.) per month; maximum progress 
in one month, 60 m. (197 ft.) There was comparatively little 
water, although two rather considerable flows were encountered: 
one at 460 m. (1509 ft.) of 150 liters (40 galls.) per minute, 
and another at 555 m. (1820 ft.) on the bedding-plane between 
two sandstone strata, of 90 1. (24 galls.) per minute, which 
somewhat retarded sinking below these points. Similar con- 
ditions prevailed in the second shaft. 

The Wilhelmshall shaft, at Oelsburg, affords another fair 
sample of this character of work. Actual sinking commenced 
June 1, 1900, with a drop-shaft 6.8 m. (22.3 ft.) in the clear. 
At a depth of 6.4 m. (21 ft.) argillaceous gypsum was found, 
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and on June 24, at 17 m. (56 ft.), the drop-shaft stuck fast in 
gypsum gravel. A short delay then occurred because of nec- 
essary boiler repairs. The flow of water, 1 cbm. (264 galls.) 
per minute, was raised by means of Diaphragm pumps. The 
gypsum gravel overlay beds of clays, which were passed through 
without encountering any material flow of water. 

After reaching a total depth of 48 m. (157 ft.) and lining 
the shaft with temporary timbering, supported by channel-iron 
rings, a wedging-crib was put in place and the permanent lining 
of cast-iron tubbing, 5.5 m. (18 ft.) in diameter, with planed 
joints, was built up into the original drop-shaft. The tubbing 
held back the surface-water and sinking was thenceforth pushed 
more rapidly. 

The ground next encountered consisted of red and blue 
clay, with bands of gypsum and anhydrite. Ordinary brick 
walling, with a thickness of tw^o bricks, was adopted for lining. 
Between 82 m. (269 ft.) and 104 m. (341 ft.), the shaft passed 
through gypsum and anhydrite, giving place farther down to 
alternating layers of blue and red clay. At a depth of 200 m. 
(656 ft.) the formation changed to a gray saliferous clay, 
followed at 203 m. (666 ft.) by the bed of rock^alt. The 
shaft-lining was built in separate sections, each 40 m. (131 ft.) 
high and with independent footings. This masonry work was 
done from a suspended platform while the sinking was in 
progress. 

The shaft was enlarged below the tubbing so that the lining 
was 6 m. (19.7 ft.) in the clear. The formation down to the 
saliferous clay was fairly flat, whereas the clay stratum itself 
dipped from 70° to 90° and followed the shaft for some 30 m. 
(98 ft.), so that the latter stood in clay on one side and rock- 
salt on the other. At 235 m. (771 ft.) the dip of the clay flat- 



6 SHAFT-SINKING. 

tened, and sinking was continued in the rock-salt, the lining 
being built in sections. On August 21, 1901, after reaching a 
depth of 520 m. (1706 ft.), salt water broke so strongly through 
the lining into the shaft at about 203 m. (666 ft.), the horizon 
of the salt clay, that the work was drowned out. An attempt 
to pump out the water proved futile. Until this mishap oc- 
curred the entire work, including sinking, tubbing, and masonry 
lining, to a depth of 520 m. (1706 ft.), had occupied 423 days, 
corresponding to an average advance of 1.23 m. (4 ft.) per 

calendar day, or about 1.5 m. (4.9 ft.) per working day. 

When shafts are sunk by hand, tubbing with machined 

joints and lead packing and bolted together on the inside, is 
invariably used where masonry proves insufficient. Lining of. 
this character is absolutely water-tight. So-called English 
tubbing, with outside rough flanges and wooden wedging but 
without bolts or packing, is almost entirely obsolete. It is 
heavier, more expensive per running meter of shaft, slower to 
erect, and less reliable than machined tubbing. 

Some time since the author had occasion to note the impor- 
tance of the advance made fifty years ago by the introduction 
into Westphalia of English tubbing, and the sinking of round 
shafts. It was when visiting the air-shaft at the Zollem 
No. 1 mine. This shaft was started by the English, put down 
5.35 m. (17.5 ft.) in the clear to a depth of 66 m. (216 ft.), and 
lined with English tubbing. Because of the excessive inflow 
of water it was abandoned. It is reported that 40 cbm. (10,560 
galls.) of water were raised per minute. For forty years the 
shaft was flooded, and when unwatered the iron lining was 
foimd in perfect condition, as it was built in the best manner, 
both as to material and execution of the work. From the 
standpoint of the mechanical engineer, it was most interesting 
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to find the four heavy and antiquated lift-pumps which had 
been abandoned in the shaft. Their massive wooden rods, 
having been under water so long, were still in very good con- 
dition. Plate I shows this interesting shaft, together with the 
pumps. 

An innovation which has recently become popular, and 
which was fiiet adopted on a large scale on the ship-elevator, 
built by Haniel & Lueg, near Henrichenburg, is the installa- 
tion of suspended tubbing underneath a wedging-crib, instead 
of building the tubbing on top of such a crib. This method 
saves all expensive temporary timbering, as well as the loss 
of time and money incidental thereto. It secures the further 
advantage that the shaft is at all times fully and permanently 
Imed down to a point not over 1} m. (4.9 ft.) above the bot- 
torn, thus preventing ^y danger of loose material falling from 
the sides. This plan was adopted at Shaft II of *' Zeche Zol- 
lem No. 2", though there was but a small flow of water, and 
the results were so satisfactory that the subsequent sinking of 
the air-shaft at "Zeche Zollem No. 1", mentioned above, was 
carried out in the same way. 

Suspended tubbing was used below the drop-shafts' at the 
Deutscher Kaiser shafts I, II, and III, as well as at Rhein- 
preussen I and Hugo I shafts. The latter shaft was sunk in 
dry sand. At Sterkrade No. I the water below the drop- 
shaft was also shut off by suspended tubbing. 

The continuation of the sinking of the air-shaft at Zol- 
lern No. 1 was interesting in that large amounts of water were 
certain to be met with. On account of the good results ob- 
tained at shaft II of Zollem No. 2, Bergassessor Randebrock, 
manager of the mine, decided, in spite of adverse criticism, to 
adopt suspended tubbing. The successful completion of the 
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shaft amply justified his decision. The following notes of this 
work, which comprise many items of interest, are mainly the 
memoranda of Manager Apprecht of Zollem No. 2. As stated 
above and shown also on Plate I, this shaft had been sunk to 
a depth of 66 m. (216 ft.), lined with English tubbing, and 
finally abandoned by the English company because of an un- 
manageable inflow of water. 

The unwatering of the shaft was begun with a steam 
sinking-pump, throwing 6 cbm. (1584 galls.) per minute. The 
inflow at the bottom was found to be only 3 cbm. (792 galls.) 
per minute. After sinking 4 m. (13 ft.) a wedging-crib was 
put in, machined on the lower as well as upper side, and pro- 
vided with bolt-holes. Two rings of German machined tubbing, 
each 1.5 m. (4.9 ft.) high, were then set above this crib and 
joined to the old English tubbing by means of a closing-ring. 
As sinking proceeded the water increased until, at a depth of 
69 m. (226 ft.), it amounted to 6.5 cbm. (1716 galls.) per minute, 
and at 71 m. (233 ft.) a maximum of 7 cbm. (1848 galls.) pet 
minute. From this point downward the flow decreased. At 
72 m. (236 ft.) 5.5 cbm. (1452 galls.) per minute were raised, 
at 77 m. (253 ft.), only 0.35 cbm. (93 galls.). The flow increased 
at 83 fn. (272 ft.) to 0.5 cbm. (132 galls.), while at 93 m. (305 ft.) 
the shaft was practically dry. 

Plate II shows the completed shaft, as well as the details 
enumerated in the description below. The sections of the sus- 
pended tubbing were each 1.5 m. (4.9 ft.) high and differed 
from the ordinary machined tubbing in having several hori- 
zontal outside ribs, projecting some 10 mm. (0.39 in.) and 
intended to aid in grippmg the concrete backing. Further- 
more, in each segment inamediately above the bottom hori- 
zontal flange there was an inclined hole, 65 nmi. (2.5 
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ins.) in diameter, through which concrete backing was intro- 
duced. 

Sinking proceeded by excavating 1.5 m. (4.9 ft.) of the 
shaft at a time, and immediately putting a ring in place. The 
rings were erected by first lowering the segments to the bottom 
of the shaft near their final position; then they were picked 
up by the tongs shown in Plate II and held underneath the flange 
thereby making a temporary connection. After removing the 
tongs and placing the lead packing in position, the segment 
was made fast to the rings above by screwing up the bolts. 
After placing all of the ten segments in a similar manner, the 
vertical joints were filled with lead packing and all bolts tight- 
ened up. 

The walls of the shaft were smoothed off with particular 
care just below the bottom of each ring, so that a fairly tight 
joint could be made by means of the bent plates as shown in 
Plate II, which were bolted on below the bottom flange. In 
order to secure a still better fit these metal plates were supplied 
with slotted bolt-holes, as shown. Any openings remaining after 
putting on these plates were plugged with wooden wedges. 
Then the space between the tubbing and the wall of the shaft 
was filled with concrete through the 65-mm. (2.5-in.) holes 
already mentioned, with the help of the funnel shown in Plate IL 
At the same time, any flow of water was tapped through similar 
65-mm. holes in some of the upper rings. The concrete con- 
sisted as a rule of one part of cement to four parts of sand; 
though at the bottom the proportion was altered to one part 
cement for each two of sand. The concrete set in forty-eight 
hours, during which time the next 1.5 m. (4.9 ft.) of shaft was 
simk. When fissures with flowing water were encountered they 
were carefully enlarged, cleaned out, and then closed by placing a 
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board in front of them to direct tl^eir flow of water off under 
the lowest tubbing and so secure still water behind the perma- 
nent shaft-lining when concreting. (See Plate II.) The set- 
ting of a tubbing-ring usually occupied about six hours, the 
packing and concreting rarely more than twelve hours. 

Bergassessor Randebrock writes me that the methods adopted 
by Haniel & Lueg for the shafts of the ship-elevator, already 
referred to, induced him to apply suspended tubbing in sinking 
shafts and that, judging from results obtained at Zollem I 
and II, and providmg sufficient pumpmg capacity, it should 
be possible to employ it with a flow of water amounting to 
15 cbm. (3960 galls.) per minute. He adds that in neither of 
these shafts was any one hurt by rock falling from the sides. 

Apprecht, in his description, lays stress on the avoidance 
of wedging-cribs, which are costly and cause much delay ; also, 
on the saving in time and expense of timbering, and specially 
on the possibility of shutting off the water completely at almost 
any p^oint and at any time. This prevents injury from sudden 
inrushes of water, such as may easily occur when from 15 to 
25 m. (49.2 to 82 ft.) of the shaft are devoid of lining because 
lio satisfactory stratum may have been found on which to 
base a wedging-crib. 

Beigmeister Wiesmann, general manager at Emscher-Lippe, 
emphasizes this point in connection with the two shafts which 
were sunk on that property. One of them, which was lined 
with wedging-cribs and tubbing to a considerable height, had 
to deal with 6 to 7 cbm. (1584 to 1848 galls.) of water per minute, 
while in the other, closdy adjoining it, there was only J cbm. (132 
galls.) per minute. It is supposed that this moderate flow was in 
some degree due to the use of suspended tubbing, which made 
it possible to hold back any flow of water at comparatively short 
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intervals. ' It is to be remembered that, during construction, 
shafts sunk in this way are always completely lined from the 
top down, with the exception of a height of IJ m. (4.9 ft.) 
at the bottom. They possess the added advantages that, in 
case of being flooded, a general collapse need not be feared; 
also that the completed shaft is free from all timbering, so that, 
if necessary or desirable at any time, the method of sinking 
may readily be changed. These conditions are particularly 
important when the formation penetrated contains soluble 
salts or consists of clay, both of which materials are notoriously 
difficult to deal with when the ground is wet. 

Proceeding to the question of shaft-sinking in heavily water- 
bearing ground, which may be either hard and firm or more or 
less in the form of quicksand, it is to be noted that there 
has been but little change in method. There is still the choice 
of the three well-known processes: drop-shafts, shaft-boring, 
and freezing. While numerous and very satisfactory improve- 
ments have been made in the details of these methods, which 
will be referred to in the following chapters, the absence of 
fundamental innovations is noteworthy, in consideration of the 
extraordinary activity in mining of the last few years, and the 
numerous shafts which have been put down for rock-salt, coal, 
and potash salts. This activity, together with the necessity 
for increased speed of sinking to keep pace with the commercial 
demand for the products, has resulted in earnest endeavors to 
discover new methods as well as to improve those already 
known. The continued increase in the diameter and depth 
of shafts, and the opening up of mineral deposits overlaid by 
great thicknesses of unstable, water-bearing soils, by which 
active exploitation has been hindered, and the difficulties of 
mining materially, increased, have compelled attention to any 
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promising improvements. Of the numerous suggestions, and 
the small number of really interesting and original inventions, 
some of which have been patented, but few have been applied 
in actual practice. The latter will be dealt with in detail in the 
following chapters, specially those improvements v/hich relate 
to the three processes mentioned above. 

As compared with sinking by ordinary hand-work, aU of 
these three methods are slow and costly. Valuable data and 
comparative figures concerning them have been published in 
the ''Festschrift ziun VIII deutschen Bergmannstag', 1901", 
by Bergassessor Koehne, in the chapter on shaft-sinking methods. 
In the number of Glückauf dealing with the proceedings of the 
Eighth Convention of German miners, considerable useful in- 
formation is contributed by Bergassessor J. Hoffmann, of Essen. 

In making this comparison, however, it must be remembered 
that the three methods to be discussed can be applied advan- 
tageously only when the flow of water is so great or the material 
to be sunk through of such a nature that hand-work becomes 
impossible. Sinking by hand will have the preference, both 
because of its efiiciency and lower cost, in every case where it 
can be used at all, even though the flow of water be considerable. 
Its advantages are so great that even the freezing process, so 
much in use for heavily water-bearing formations, is based on 
temporarily converting the ground to be traversed into a state 
which permits of hand-work. In spite of the tedious and 
elaborate operations required and the time lost in the actual 
freezing, this system has proved eminently satisfactory, simply 
because it enables hand-work to be done expeditiously in a 
solid mass of frozen ground. 



II. 

SHAFT-SINKING BY BORING. 

The method of sinking an entire shaft in a single boring 
operation, carried on under water, was first introduced by Kind. 
Originally the whole cross-section of the proposed shaft was 
bored in one operation by the only means then available, 
viz., the percussion- or drop-drill. The procedure was merely 
an extension of that followed in sinking artesian wells. Later, 
the plan of drilling an advance bore, by a small tool or trepan, 
from one third to one half the full diameter of the shaft, 
was frequently adopted, because it was easier to remove the 
drillings and to keep the shaft plumb. The shaft section was 
completed by a large trepan, which took out the ring-shaped 
area femaining. As its cutting edges sloped toward the middle, 
the drillings readily ran ofif into the central advance bore, so 
that the trepan always worked on a clean surface. This system, 
as used at the present time under normal conditions, will now 
be described and illustrated. 

The boring method is applied only after a portion of the 
shaft has been sunk by hand-labor and ordinary pumping, and 
when no further progress by these means can be made. In 
cases where large quantities of water are anticipated, the adop- 
tion of the boring system would usually be a foregone con- 
clusion. Everything is then arranged from the beginning so 

13 
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that the plant can be installed with the least possible difficulty 
and expense. The head-gear must be so designed that it can be 
used as a derrick for the boring-tools] or at least can readily be 
altered for such purpose; the shaft must be free from timber- 
ing, stationary pumps, etc., and the shaft equipment so con- 
structed that all can be quickly raised to the surface in the 
event of xmexpected flooding. Furthermore, the inner surface 
of the shaft-lining itself must be smooth whether it be masonry 
or tubbing, and the supports for such lining must in no case 
protrude into the shaft beyond the general cross-section. If 
these precautions be not taken and the shaft should unexpectedly 
be drowned out, the only remedy is to plug the bottom with 
concrete and, after it has hardened, to pump .out the water and 
remove the interior fittings. This done, a small excavation, 3 or 
4 ft. deep, is made in the middle of the shaft bottom, sufficient 
in diameter to admit the small trepan and guide it in the subse- 
quent boring. The shaft is then allowed to fill again with water, 
the surface equipment meanwhile being altered as required for 
the boring-plant. 

To permit of convenient handling of the rods, which are 
usually in 20-m. (65 ft.) lengths, the derrick or boring-tower 
must be of considerable height. It should also be substantially 
built, as the weights dealt with are large. On opposite sides of 
the derrick itself two large wings are built, the whole structure 
thus resembling a long high room. (Fig. 1, from a photograph, 
shows the exterior of such a building.) It contains two longi- 
tudinal tracks, one above the other. The upper and narrower 
track, placed immediately under the roof, is designed for the 
travelers or carriages from which are suspended the drill-rods 
and for shifting and bringing them into position. The lower 
track, of broader gauge, carries the trucks for supporting the 
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trepans, sand-pump or sludger, and the various grappling 
apparatus, by which these tools are readily moved as required 
to and from the mouth of the shaft. Plates III and IV repre- 
sent longitudinal and cross sections through the boring-tower 
and wings. In these plates a is the large and 6 the small 
trepan; c the sludger ordinarily used; d a scraper, to clear the 
shaft bottom of pieces of iron, drill-bits, etc., which may have 
fallen in; e a grappling-hook for recovering broken rods; / are 
the rods themselves; g the trucks for carrying them; and h 
is the drill-truck for carrying the trepans. In Plate III, i 
represents the engine for raising and lowering the trepans and 
rods, and k a similar engine for the sludger, by which the debris 
is removed from the shaft. 

Power for operating the trepans is furnished by the steam- 
cylinder I, the simple valve-motion of which is controlled by 
hand. This engine actuates the walking-beam w, which raises 
and drops the rods and trepan. Between the supporting chain 
and the rods is the temper-screw n, placed at a convenient 
height above the driller's platform. This device, operated by 
hand by the turning-lever o, serves to rotate the trepan as well 
as to lower it gradually as the shaft is deepened. The two follow- 
ing cuts show the form of drill or trepan now used; it is made 
entirely of steel. Fig. 2 is of a small trepan weighing about 
10,000 kg. (22,000 lbs.), and Fig. 3 a large one of some 24,000 kg. 
(52,800 lbs.) ^ 

Drilling is usually begun with the small trepan, which, as 
a rule, is operated alternately with the large tool, the latter 
enlarging the shaft to the full section. It is best to keep the 
small center bore a certain distance in advance of the enlarge- 
ment, so that drillings may readily collect therein and be 
removed by the sludger. The work of drilling and of operating 
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the sludger proceeds alternately. The trepans are inspected 
at the surface after each run, loose parts or jomts tightened 
up, and the bits or teeth changed when dull. The time re- 
quired for cleaning out the debris is usually sufficient for this 
inspection and adjustment. For large-scale operations in deep 
shafts it is customary to have two trepans of each size, in 
order to avoid all unnecessary delays. 

The boring of the shaft is continued through the water- 
bearing formation into an impervious stratum, below which no 
further large flow of water is to be expected. One of the chief 
dangers involved in this work is the risk that the shaft walls 
may cave. This is most likely to occur when passing through 
loose, broken formations, or sandy and clayey strata, or quick- 
sands. The remedy is to line the weak places with plate-steel 
casing, which must be supported either on a shoulder left in the 
shaft walls or else suspended from the surface by wire ropes. 
These lining-plates need not be very thick, as they are not 
expected to resist much pressure, but are only temporary, to 
allow the drilling to proceed in the water-bearing strata. They 
are disadvantageous, however, as they reduce the net shaft 
area. It is therefore advisable to allow for the possible neces- 
sity of such lining, when deciding upon the original diameter 
of the shaft to be sunk. 

When the shaft has reached the underlying impervious 
stratum already mentioned, the bottom is carefully cleaned 
of all drillings, the boring-tools removed, and the derrick 
arranged for lowering the cuvelage; that is, the permanent 
water-tight lining, which is composed of cast-iron rings. In 
lowering the cuvelage, which, for deep shafts, is of great weight 
(sometimes amounting to 4000 tons), advantage is taken of its 
buoyancy. The two lowermost rings are so constructed that 
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they can telescope into each other, thus forming in efifect a 
huge stufling-box. The outer annular space between the 
flanges of these rings is filled with moss, the whole arrangement 
being called the "moss-box". When the lining reaches its 
seat in the solid stratum at the bottom of the shaft, the lower 
rings slide into each other, thereby compressing the moss and 
forming a water-tight joint between the lining and the shaft 
walls. The water in the loose strata above is thus shut out. 

Preparatory to erecting the shaft-lining, a strong platform 
is built immediately over the collar of the shaft. On this 
are placed in position the two rings constituting the moss- 
box. The space between their lower flanges is packed with moss, 
which is then covered with a strong wire netting, so that the 
moss cannot fall out while the lining is being lowered. The 
first ring of the lining proper, with the accompanying bottom 
or closing diaphragm (see Plate V), is then bolted on top of 
the moss-box, and the entire apparatus suspended directly 
over the shaft by means of six or eight heavy rods. The rods 
in turn are attached to powerful lowering-screws mounted at 
some height above the shaft-collar. Fig. 4 represents a com- 
plete moss-box, with its inner diaphragm, suspended from the 
rods as described. After it has been raised slightly from the 
platform, the latter is removed and the moss-box lowered by 
the screws until the upper flange is slightly below the collar 
of the shaft. Then the lowering-rods are fastened by clutches 
to temporary cross-timbers at the shaft mouth, the upper part 
of the rods uncoupled, and a new ring brought into position. 
The rods are now coupled up inside the last ring, after which 
the supporting timbers are removed, and the new ring lowered 
into place and bolted fast. From time to time the rods are 
lengthened by additional sections. These operations are re- 
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peated for each ring. Ultimately the lower end of the lining with 
the moss-box reaches the water level, after which the weight is 
more or less counterbalanced by the buoyancy of the closed lining. 

Plate V, left-hand side, shows the earlier stages of the 
lowering operations to which the above outline description 
refers. As soon as the buoyancy of the lining, due to increased 
displacement, overcomes its own weight, the lowering-rods can 
be dispensed with and the work is thenceforth simpler and 
proceeds more rapidly. Finally the buoyancy will exceed the 
weight of the cuvelage, which must then be weighted in order 
to lower it farther. This is usually accomplished by partially 
filling it with water introduced through stop-cox3ks in the 
central ''equilibrium pipe". In the case of a shaft which 
has been sunk entirely by boring, and which therefore must b« 
lined throughout its entire depth, ring after ring is added to 
the cuvelage until the moss-box rests on the bottom. A 
sufficient quantity of water is then admitted to the cuvelage 
to weight it so that enough pressure is exerted on the moss-box 
to compress the moss, force it solidly against the shaft walls 
and thus make a water-tight joint. 

The next step is to install the apparatus for concreting the 
entire annular space between the cuvelage and the walls of the 
shaft. For this work it is customary to use four wide, fiat 
boxes, with bottoms opening outward, which are filled with 
concrete and lowered with rope guides. After allowing from 
four to six weeks for the concrete to set, the shaft is pumped out 
and the false bottom of the cuvelage, with the equilibrium pipe, 
removed. Further sinking then proceeds by hand-work. 
As already stated, shaft-boring is rarely resorted to nowadays 
until a certain portion of the shaft has already been completed 
and permanently cased with some form of lining. 



Fia. 4. — Assembled mosa-box, with the bottom r 
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It is not always necessary to carry the cuvelage above the 
level of the water in the shaft; as a rule it suffices to build it 
high enough to overlap part of the upper permanent lining. 
In such cases a water-tight cover is bolted to the top of the 
cuvelage. This is resorted to when a sufficient number of rings 
have been added to reach to the top of the water-bearing strata, 
after which the cover is put on in precisely the same way that 
the false bottom of the cuvelage was installed. The entire 
cylinder is then lowered to the bottom of the shaft by means of 
rods or ropes and lowering-screws, just like a well-closed bottle, 
sufficient water ballast being first admitted to cause it to 
sink properly. Concreting is then applied as already stated, 
though of course only as high as the upper edge of the cuvelage. 
Plate V, right hand, shows such an installation, the lining 
resting on the bottom and the concreting completed. The 
cut illustrates the work at the shaft of the ''Kaliwerke Benthe, 
Aktien- Gesellschaft '', in Hanover. 

In the foregoing description many minor details have been 
omitted for the sake of brevity. In concluding this general 
outline of the method, a sketch of the history of its develop- 
ment in Germany may be useful, after which a more detailed 
description of certain interesting examples of its application 
will be given. 

But little interest in the Kind-Chaudron system of shaft- 
boring was evinced in Gennany until General Manager Schulz- 
Briesen published, in 1879, a description of the operations at 
Dahlbusch, in the ''Zeitschrift für das Berg-, Hütten- und 
Salienwesen im Preussischen Staate/' Up to that time 18 
shafts had been sunk by boring in France, 12 in Belgium, 4 in 
England, 5 in Lorraine, and 5 in Westphalia. All those in 
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Westphalia belonged to the Dahlbusch Mining Company, which 
may well claim to have been the leader in the application of 
this method. The depths of these shafts varied from 88 to 
107 m. (288 to 351 ft.). As a rule they passed through marls, 
which were easy to bore and permitted of rapid progress. 

Since then many shafts have been sunk in Germany by 
this process, though in none of them was boring started until 
the work had reached a certain depth and difficulties had 
accumulated to such an extent that all other methods had 
failed, or at least showed no prospect of succeeding. In all 
these cases boring proved a pronounced success; in fact, no 
shaft in which the method has been employed has had to be 
abandoned while under construction. It may be added that 
in one case boring was not completed, viz., at the Segengottes 
shaft, Mansfeld, where, as was ultimately discovered, the 
conditions prevailing did not really necessitate the use of the 
method. 

General Manager Tomson deserves much credit for making 
the Kind-Chaudron system better known, since he used it 
with success at shafts I and II, of Gneisenau. In shaft I the 
water was finally shut ofif, between the years 1882 and 1885, 
at a depth of 240.6 m. (790 ft.), and in shaft II, between 
1884 and 1886, at a depth of 244 m. (800 ft.). Covering the 
top of the cuvelage for sinking it below water-level, in order 
to reduce its length, was first tried at this mine. Both shafts 
had originally been sunk by hand to a depth of 105 m. (345 ft.) 
and were then abandoned on account of the large inflow of 
water. 

Shaft-boring was also carried out successfully at the Clotilde 
shaft of the Mansfeld Company between 1884 and 1887, at 
shaft II of the Herzogliche Salzwerksdirektion, in Leopoldshall, 
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between 1887 and 1889, and at shaft I of the Thierderhall Com- 
pany, near Brunswick, in the years 1887 to 1889. The latter 
shaft is of general interest in that the conditions prevailing 
were particularly difficult and the heavy flow of water con- 
tinued until the rock-salt deposit was struck. Here for the 
first time the water was successfully dammed back in the 
rock-salt itself, a procedure previously considered impracti- 
cable. 

In 1891 the production of the Rhenish Westphalia collieries 
increased to such an extent that larger shafts became an abso- 
lute necessity. Up to that time difficulties involved in manu- 
facturing and transporting cast-iron rings for the lining of 
large shafts had limited their diameter to 3.65 m. (12 ft.) in 
the clear, which was probably one of the chief reasons why 
the mining companies always avoided such work except as a 
last resort. At the suggestion of General Manager Tomson, 
Haniel & Lueg imdertook the modernizing of their railroad 
equipment so that tubbing-rings 4.1 m. (13.5 ft.) in diameter 
and 1.5 m. (4.9 ft.) high would pass through the standard 
cross-section fixed by the railway. By these means and by 
sectionalizing the exterior ring of the moss-box, another sug- 
gestion of Tomson's, it became feasible, in boring shaft I of 
the Preussen No. 1 coUiery, to install a cuvelage 4.1 m. (13.5 ft.) 
diameter in the clear, between 250 and 342 m. (820 to 1122 ft.) 
below the surface. This enlargement of the shafts and the in- 
creasing depths necessitated better and more powerful boring- 
plants. The old-tune oak walking-beams, bound with iron, 
were replaced by those of the riveted iron-girder type, and 
although no radical changes were made in the construction of 
the other tools, they were materially strengthened. The 
diameter of the smaller or advance trepan has been increased 
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from 1.4 to 2.5 m. (4.6 to 8.2 ft.) and the enlarging trepan, 
of 4.8 m. (15.75 ft.) diameter, so constructed and strengthened 
as to enable it to withstand the severe shocks incidental to 
its operation. The drill-rods formerly 16 m. (52 ft.) long are 
now made in 20-m. (65 ft.) lengths, to save time in raising and 
lowering them. 

An important improvement has been made in the method 
of lowering the cuvelage. It was formerly the custom^^ par- 
ticularly in the case of shallow shafts, to lower by means of six 
lowering-screws placed in the boring-derrick. For great depths 
such procedure would require the use of six very long and ex- 
pensive lines of rod. At the Preussen mine, after the closed top 
or cover was put on the cuvelage, the rods were replaced by a 
single hook and yoke, patented by Chastelain, chief engineer of 
the Kind-Chaudron Company, and which had done good ser- 
vice at Ghlin. The apparatus is attached to the regular drill- 
rods, and the cuvelage, after the cover has been put in place, 
is lowered to its permanent position by the hoisting-engine and 
rope. (See Plate V, right hand.) This device has been so 
satisfactory that it has come into general use in all deep shaft- 
boring operations. 
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DESCRIPTIONS OF ACTUAL PRACTICE IN SINKING SHAFTS 

BY BORING. 

Boring the Shaft of the Potash Mine at Jessenitz. 

(Plate VI.) 

In 1893 work was resumed by the "Mecklenburgische Kali- 
salzwerke" on their shaft at Jessenitz. The work of sinking 
here has probably consumed more time than any other modern 
shaft. Both the persistency exhibited and the expense incurred 
in completing it were unprecedented. Difficulties of every kind 
were encountered, and the means employed to overcome them 
are worthy of general attention. 

The following strata were passed through : 

0- 19 m. ( 62 ft.) sand 

19- 36 m. ( 62-118 ft.) fine and coarse gravel 

36- 43 m. (118-141 ft.) gypsum, with interstratified sands 

43- 68 m. (141-223 ft.) gypsum, varying in hardness 

68-142 m. (223-466 ft.) hard gypsum 

142-146 m. (466-479 ft.) fissured gypsum with clay 

146-153 m. (479-502 ft.) fissured sandstone 

153-270 m. (502-986 ft.) gypsum and anhydrite 

Below 270 m. (986 ft.) rock-salt 

The Poetsch f reezmg process was adopted for sinking through 
the upper water-bearing strata. After the ground was frozen, 

sinking was carried on without incident to a depth of 75 m. 
(246 ft.) At that point a wedgmg-crib was put in, and a series 
of German machined tubbing-rings built up to the collar of 
the shaft. Sinking by hand in the ordinary way was then 
started in the bottom. A second wedging-crib became impera- 
tive at the depth of 89 m. (292 ft.), as the upper one allowed 
an inflow of 20 liters (5.3 galls.) of water per minute as soon 
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as the ground had thawed out. The installation of the second 
section of tubbing, between 89 and 75 m. (292-246 ft.) rendered 
the shaft completely water-tight, so that sinking was carried 
to 130 m. (426 ft.) without further inflow. At the latter point 
the neighborhood of fissured strata was reached, which, by the 
results obtained from the preliminary bore-holes, were known 
to carry much water. 

As the entire Poetsch equipment was still available, it was 
decided to freeze the ground and then sink through it from a 
depth of 130 to 175 m. (426 to 574 ft.) The freezmg-pipes were 
accordingly put down at regular intervals just inside of the 
shaft-lining. They were 170 mm. (6.6 ins.) in diameter, 10 mm. 
(0.4 in.) thick, and sunk to a depth of 175 m. (574 ft.) The 
result was unsatisfactory; the frozen cyUndrical wall proved 
so leaky that the shaft was flooded. Pumps were then installed, 
but in spite of al efforts it was found impossible to sink below 
the 150-m. (492 ft.) mark. Pumping was continued for several 
weeks without success. Th water-level occasionally rose to a 
point 8 m. (26 ft.) below the collar of the shaft, and at no time 
could it be lowered to more than 40 m. (131 ft.) below the 
surface. . 

Not until ten years' vain effort had convinced the manage- 
ment of the impossibility of success by these means was it 
decided to try sinking by boring. Unfortunately, the aban- 
donment of the work in the bottom had been so hasty that 
almost all the tools, buckets, and other articles of iron or wood 
had been left in the shaft. Moreover, the freezing-pipes were 
still in place, each 35 m. (115 ft.) long. The importance of the 
removal of the latter was fully realized, as it was evident that 
they would seriously obstruct boring operations. 

After concreting the shaft bottom to a depth of 13 m. (43 ft.), 
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which effectually closed all water-bearing fissures, and all tim- 
bering, pumps, bearers, etc., being removed, an attempt was 
made to pull the freezing-pipes. It was a complete failure, 
probably because the pipes were broken and bent. Attempts 
made to cut out these pipes by drilling around them also failed, 
probably because they were materially out of plumb, as was 
subsequently learned. After several months had been lost in 
similar abortive efforts, it was finally decided to bore the shaft 
without reference to such obstacles, and to remove the pipes 
during the progress of the work. The boring-plant was of the 
usual design. As might have been anticipated, boring became 
difficult after cutting through the concrete in the sump, partly 
because of the steep dip of the strata and their fissured condi- 
tion, partly because some of the freezing-pipes protruded into 
the shaft. Several of the pipes were cut lengthwise by the 
trepan so that pieces remained standing upright, which hin- 
dered the rotation of the trepan, often forcing it to one side 
and throwing the shaft out of plumb. Tedious trimming of the 
shaft walls, by means of special saw-like teeth set in the trepan, 
was frequently necessary in order to rectify the work. 

Much faster progress was made below 175 m. (574 ft.), i.e., 
after passing below the ends of the freezing-pipes. Down to 
that point 11 tons of wrought iron and steel had been broken 
into small pieces by the trepan and brought to the surface by 
the sludger. 

As shown by the test borings, the solid gypsum occurred at 
a depth of 175 m. (574 ft.), so that it should have been possible 
to dam back the flow of water at that horizon. In order to be 
absolutely safe, however, Haniel & Lueg suggested that the 
underlying strata be tested for water. A line of pipe was run 
ftoin the surface to the bottom of the shaft and its lower end 
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for a height of 2 to 3 m. (6.5 to W ft.) was filled with concrete. 
After the concrete had set, the pipe was pumped out and drill- 
ing inside of it started with a diamond drill. At 211 m. (692 ft.) 
water was encountered which fillfed the entire pipe. It was, 
however, uncertain whether the water came from the rock or 
from a defective portion of the pipe. In order to settle this 
question, the bottom of the bore-hole in the pipe was again 
concreted, between 218 and 200 m. (715 and 656 ft.), and 
after it had set the water was pumped out to a depth of 43 m. 
(141 ft.) without any indication of its rising again, so that the 
presence of water in the strata at the bottom of the bore-hole 
was evident. This being settled, work in the shaft was resumed, 
using alternately the advance and the enlarging trepans. 

After the smaller bore had readied a depth of 252 m. (827 ft.) 
and the enlarged section tOl m. (660 ft.), the ground ahead 
was again drilled, with results similar to those described above. 
The enlargement was then continued to the 255-m. (837-ft.) 
level, and at this point, 6 m. (19.5 ft.) above the rock-salt, 
still another test was made for water. 

Unfortunately the ground immediately above the salt 
proved both wet and crumbly, and much given to caving. 
Under these circumstances nothing remained but to advance 
the shaft-boring 20 m. (65 ft.) or so into the rock-salt itself and 
to set the moss-box at that point. Salt was encountered at a 
depth of 261 m. (856 ft.), and drillmg was stopped at 287 m. 
(941 ft.) On testing the shaft with a wooden template, in 
order to ascertain if it were large enough throughout to permit 
the cuvelage to pass, the unpleasant discovery was made that 
the smnp was filled to a depth of some 5 m. (16 ft.) with caved 
ground. It was feared that, in lowering the cuvelage or in 
the subsequent cementing, further caving might cause a com- 
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plete failure of the work. To avoid this it was decided to line 
the shaft from the salt at 260 m. (853 ft.), for a height of 50 m. 
(164 it.), with a plate-iron cylinder. As this lining could not 
be inserted in one piece, it was lowered in two sections, each 
about 27 m. (88 ft.) long. On attempting to lower the first 
section, which was 4.756 m. (15.6 ft.) in diameter, 27.8 m. 
(91 ft.) long, 16 mm. (0.62 in.) thick, and weighed 62,500 kg. 
(137,500 lbs.), it jammed at 194 m. (636 ft.), probably because 
of a small deflection in the shaft. As repeated raising and 
lowering of the lining had no efiPect, it was raised to the sur- 
face and cut in two, after which the lower portion passed the 
obstruction without further difficulty. It was finally brought 
to rest on the narrow shoulder or seat at 263 m. (862 ft.) No 
more lining was put in, as it was generally conceded that the 
caving had taken place immediately above the rock-salt, which 
was thus secured by the portion of the lining actually inserted. 
The cuv^age, 4.1 m. (13.5 ft.) in diameter, was then put 
in place and concreted. (Plate VI) . After allowing time for the 
concrete to set, pumping was started, but it soon became evident 
that the water had not been successfully shut out, as it began 
to flow into the shaft through the equilibrium-pipe. Soundings 
in the latter showed that the space below the false bottom of 
the lining was filled with gypsum, which had caved from the 
fiides of the shaft. The origin of this material was uncertain; 
that is, whether it came from the ground immediately above 
the short section of temporary lining and had caved just be- 
fore or simultaneously with the first concreting, thereby de- 
stroying its usefulness, or whether, because of the steep dip of 
the strata or the unevenness in the surface of the rock-salt, 
the cuvelage had not been sunk quite deep enough, thus allow- 
ing a break to toke place underneath. All attempts to bail 
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out the water were unavailing; its level remained stationary 
at 50 m. (164 ft.) below the surface. 

The sole remaining possibility of completing the shaft was 
to lower a smaller cuvelage inside the first, to do which it would 
be necessary to bore 30 m. (98 ft.) or so deeper. In order to 
dam back the water, so that the equilibrium-pipe could be 
removed, the space below the false bottom of the cuvelage was 
concreted by lowering the material in boxes through the equilib- 
rium-pipe itself. On setting, the concrete cut off the water 
coming under the moss-box, so that the shaft could be pumped 
out and the equilibrium-pipe removed down to the false bottom. 

These preliminaries being completed, boring was resumed 
with a 2i-m. (8.2-ft.) trepan, followed by another measuring 
3.95 m. (13 ft.) in diameter. The false bottom, weighing 
15,000 kg. (33,000 lbs.), which could not be removed because 
of the flow of water, was cut out and in five months the addi- 
tional 30 m. (98 ft.) of shaft was bored, making a total depth 
of 310 m. (1017 ft.) 

A new cuvelage, 3.15 m. (10.3 ft.) inside diameter and 39 m. 
(128 ft.) high, was then readily lowered. Much care was taken 
in concreting behind the cuvelage, an arrangement being 
adopted whereby all four concrete boxes could be emptied 
simultaneously. The lowermost 6 m. (20 ft.), immediately 
above the moss-box, were filled with magnesia cement, the 
remainder with ordinary concrete. After the concrete had 
hardened and the water had been pumped out, the shaft ap- 
peared to be absolutely water-tight. The bottom and top of 
the second cuvelage were then removed and the connection 
between it and the wedging-crib completed in a perfectly dry 
shaft. 

This brought to a satisfactory conclusion work which had 
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lasted sixteen years. Sinking by boring had begun March 6, 
1894, at a depth of 141.3 m. (463 ft.), and the final shutting off 
of the water was completed February 1, 1900. The boring of 
the lower 170 m. (558 ft.) of shaft consequently occupied five 
years and eleven months, while the upper 150 m. (492 ft.) cost 
ten years' work. Plate VI shows the completed shaft, with 
the two cuvelages and the lower tubbing connections. 

Operations at this shaft again showed conclusively that a 
water-tight connection can be made with absolute certainty in 
rock-salt, and that its accomplishment is by no means dependent 
on fortuitous circumstances, as had been thought by many 
experts when the Thiederhall shaft was sunk. Doubts as to its 
feasibility had also been expressed when the Beienrode Com- 
pany encountered salt water in sinking their shaft, which 
eventually led to the abandonment of the work and the sinking 
of an entirely new shaft. But such questions have now found 
a satisfactory answer in the results of the work at the Jessenitz 
shaft, as well as at the shaft of the Benthe potash-mines, which 
were sunk under conditions similar to those at Beienrode, and 
plainly demonstrated the possibility of effecting a water-tight 
connection in the rock-salt itself. 

Boring of the Adolf von Hansemann Shafts. (Plate VII.) 

The work on the Jessenitz shaft was followed in the years 
1896 to 1898 by the boring of shafts for the ''Bergwerks-Aktien- 
Gesellschaft La Houve'^ at Kreuzwald, the '* Gewerkschaft 
Victor", at Rauxel, and the Adolf von Hansemann mine, of the 
"Mengeder Bergwerks-Aktien-Gesellschaft ". 

At both the Victor and the Adolf von Hansemann shafts the 
cuvelages measured 4.4 m. (14.5 ft.) inside diameter. Although 
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carried on specially designed trains, the transport of entire 
rings of this size was rendered possible only by the courtesy 
of the railroad management at Essen, in temporarily lowering 
the, permanent way by 0.3 m. (1 ft.) at overhead crossings. 

The sinking of shaft III at the Adolf von Hansemann mine 
was preceded by interesting sinking operations in other shafts 
of the company, which are worthy of note as they so clearly 
demonstrate that under difficult conditions boring is after all 
the cheapest method. Shaft I, which was begun in 1873, by 
the ordinary methods, took thirteen years to reach a depth of 
only 230 m. (755 ft.) on account of the endless diflBculties en- 
countered. The chief trouble was due to the large quantity 
of water to be pumped, and, as attempts to shut it off failed 
completely, the shaft was abandoned in 1886. 

Shaft II was started in 1888, some 200 m. (656 ft.) south 
of shaft I. Here fortune favored the company, as the volume 
of water was not too great to be readily held in check by pump- 
ing. But, though the maximum flow was only 7 cbm. (1850 
galls.) per minute, the other difficulties were so great that it 
was five years before the coal-measures were reached. 

After completing shaft II, work was resumed on shaft I 
with the aid of the pumps in No. II. A drift was run under 
shaft I from No. II and a raise put up as high as the condi- 
tion of the country rock pennitted. A masonry dam with a 
drain-pipe was then built in the drift, so that the water from 
shaft I could be drained through No. II. Finally a bore-hole 
was put down to the drift from the bottom of the shaft. Shaft 
II had been provided with simple, direct-acting lift-pumps. As 
an extra precaution, these were replaced with plunger-pumps 
having a capacity of 10 cbm. (2640 galls.) per minute. The 
latter were supplemented by a large Woolf pumping-engine of 5 
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cbm. capacity, erected at shaft I, and a small underground 
pump at shaft II. With these pumps the water was kept 
down for a short time, but on sinking farther the inflow in- 
creased to 40 cbm. (10,560 galls.) per minute, so that the work 
had to be abandoned. 

On August 8, 1894, shaft III was started 200 m. (656 ft.) 
north of No. I. The strata to be traversed were much the same 
as in shafts I and II, viz. : 



Quicksand to 7.5 m. ( 0- 25 ft.) 

Green marls 7.5 to 221 .5 m. ( 25-727 ft.) 

Upper greensands 221.5 to 225.0 m. (727-738 ft.) 

White marls 225.0 to 251 .5 m. (738-825 ft.) 

Lower greensands 251.5 to 254.5 m. (825-835 ft.) 

Coal-measures below 254. 5 m. (835- ft.) 



In the quicksand above the marls a drop-shaft was put 
down, and then, in carrying on the sinking by ordinary means, 
the small amount of water coming in was shut off with German 
tubbing down to a depth of 45 m. (147 ft.). Below that point 
the shaft was lined with masonry. (Plate VII.) 

At 190 m. (623 ft.) a fissure was cut which carried IJ cbm. 
(400 galls.) of water per minute. As there had been a very 
large inflow in shaft I at this depth, a considerable increase of 
water had already been anticipated in shaft III. In order to 
deal with it, sinking was stopped and a drill-hole put down 
to the drift which had been run under the shaft on the 273-m. 
(895-ft.) horizon. This hole was 230 mm. (9 ins.) diameter 
and was bored in six weeks. When sinking was resumed the 
water soon increased to such an extent that the bore-hole proved 
to be too small, and was therefore enlarged to 270 mm. (lOJ ins.) 
diameter. After deepening the shaft another 0.5 m. (1.6 ft.), 
work was abandoned, as the water had increased to 22 cbm. 
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(5810 galls.) per minute — ^the full capacity of the pumping- 
plant. 

Before stopping operations the shaft was stripped, cleaned 
out, and the dam in the drift below closed. Arrangements were 
then made at the surface for installing the Kind-Chaudron 
system of boring. The construction of the derrick and erec- 
tion of the machinery occupied 3J months. 

On August 10, 1896, the water in the shaft stood at 53.4 
m. (175 ft.), and boring was started at a depth of 195.35 m. 
(640 ft.) with a trepan 2J m. (8.2 ft.) in diameter. The coal- 
measures were reached on December 8th at a depth of 255 m. 
(833 ft.). In round numbers, therefore, about 60 m. (197 ft.) 
were made in four months, the daily progress, including all 
stoppages, being 0.5 m. (1.64 ft.), and the maximum advance 
in any single calendar month, 18.22 m. (60 ft.). 

On December 18, 1896, the work of enlarging the shaft to 
full size was started at a depth of 195.5 m. (641 ft.), with a tre- 
pan 5.02 m. (16.5 ft.) in diameter. The enlargement was suc- 
cessfully completed November 19, 1897, at a depth of 253 m. 
(830 ft.), equivalent to an advance of about 58 m. (190 ft.) in 
eleven months; or an average of 0.176 m. (0.58 ft.) per twenty- 
four hours, with a maximum advance of 7.8 m. (25.6 ft.) in a 
single month. 

The boring-plant was dismantled between December 19, 
1897, and January 2, 1898, and preparations made for lowering 
the cuvelage. This was provided with false bottom and cover 
and consisted of fifty-seven rings, 4.4 m. (14.5 ft.) in diameter, 
1.2 m. (3.9 ft.) high, and from 68 to 86 mm. (2.6 to 3.3 ins.) 
thick. (Plate VII.) Work on the cuvelage was begun Janu- 
ary 2, 1898, and ended March 4th. Between March 15th and 
April 15th the cuvelage was concreted, and six weeks later. 
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on May 23d, pumping was started. The cover and false bot- 
tom of the cuvelage were duly removed, and on reaching the 
moss-box, Jmie 21st, it was fomid that aU water had been 
completely shut ofif. A few meters more were sunk by hand, 
for putting in the closing-rings, which work occupied four weeks, 
so that everything connected with the boring operations was 
finished by July 20, 1898. Sinking under ordinary conditions 
was then resumed. The total time occupied in boring was 
about 22 months, equivalent to an average advance of 2.73 nu 
(9 ft.) per month. 

Shaft-sinking at Kaiseroda. (Plate VIII.) 

The shaft of the Kaiseroda Company is at Tiefenort, near 
Salzungen on the Werra. Work was begun in the usual manner 
by hand, the water being raised by pumps. The shaft is 5 m. 
(16.5- ft.) diameter in its upper portion and lined with masonry 
to a depth of 34.8 m. (114 ft.). Below that point English 
tubbing was used. The preliminary bore-holes showed: 

Loam to 2 m. ( 0- 6.5 ft.) 

Buntsandstein 2 to 120 m. ( 6.5-394.0 ft.) 

Marls (brittle) 120 to 166 m. (394 -543 ft.) 

Water-bearing shaly dolomite 166 to 176 m. (543 -576 ft.) 

Variegated clays with stringers of gypsum. . 176 to 205 m. (576 -672 ft.) 

Gray rock-salt 205 to 207 m. (672 -679 ft.) 

Anhydrite and rock-salt 207 to 219 m. (679 -718 ft.) 

Red saliferous clays 219 to 225 m. (718 -836 ft.) 

Whit« rock-salt below 225 m. (836 - ft.) 

The flow of water recorded was as follows: 

At a depth of 8 m. ( 26 ft.) 0.5 cbm. (132 galls.) per minute 

'' '' 34.8 m. (114 *' ) 1 to 2 cbm. (264 to 528 galls.) per minute 
'' '' 44.3 m. (145 *' ) 3 *' ( 792 galls.) per minute 

" " 60.5 m. (198") 4 '' (1056 *' ) 

" ** '* 80.0 m. (262*' ) 5 " (1320 '' ) 

" " " 114.0 m. (373" ) 17 " (4488 " ) 



ti (( 
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On entering the brittle marls at 120 m. (393 ft.), conditions 
so far improved that a wedging-crib was successfully set at 
129.6 m. (425 ft.) and shut out most of the water. A second 
crib was placed at 146 m. (479 ft.) and the shaft lined with- 
English tubbing; but when sinking was resumed the water 
broke in again at 148 m. (485 ft.). 

The three direct-acting pumps with which the shaft was 
eventually equipped were unable to lower the water, and 
moreover it was found that the inflowing water carried much 
sand which was deposited in the bottom of the shaft. Pump- 
ing was finally stopped for fear that the continued inflow of 
sand with the water would cause the waUs to cave and so en- 
danger the upper portions of the work. 

The company then decided to try the Kind-Chaudron system 
of sinking, although the soft ground was unfavorable, and it 
was anticipated that a temporary lining would be necessary to 
prevent the walls from caving. No other method, however, 
offered any prospect of success. 

Early in May pumping was stopped and the sand and mud 
cleaned out as well as possible from the sump, which was then 
filled to a depth of 8 m. (26 ft.) with concrete. After the con- 
crete had set the shaft was unwatered and all impedimenta', 
such as pumps, bearers, and platforms, were removed. This 
work was so far completed by August 16, 1897, that drilling 
could be started. Two trepans, one for the advance bore 2§ m. 
(8.2 ft.) diameter, and an enlarging bit 4.83 m. (15.8 ft.) in 
diameter, were to be used. The latter was made as large as 
the tubbing would admit, in order to avoid losing too much 
area of shaft by the provisional linings which were foreseen to 
be unavoidable. The concrete bottom was drilled through 
in full cross-section with the large trepan between August 16th 
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and September 10th, and the advance bore started at a depth 
of 147.55 m. (484 ft.). By November 6th this had reached 
167.24 m. (548 ft.). The ground traversed was blue and red 
clay, hard when dry but given to swelling when wet. 

Towards the middle of October caved material was notice- 
able in the bottom of the advance bore. It was thought at first 
that it came from the walls of the advance bore itself, and 
therefore caused no concern, but early in November the bottom 
was again covered with loose material to a depth of \\ m. (4.9 ft.), 
whereupon the large trepan was lowered, but failed to reach the 
bottom of the enlargement at 147.5 m. (484 ft.). This showed 
that the shelf or shoulder at this point was also covered with 
fallen material, which must have come from the walls above. 
It thus became evident that these walls would have to be 
safeguarded by a temporary lining, and a plate-iron cylinder, 
4.73 m. (15.5 ft.) in the clear, 4.81 m. (15.75 ft.) outside diam- 
eter, and 18 m. (59 ft.) high, was put in place. It was 20 mm. 
(0.78 in.) m thickness and weighed 65,000 kg. (143,000 lbs.). 
The lower edge was sharpened, the upper edge being flanged 
in case it should be necessary to drive it down. 

This lining was lowered January 15, 1898, after which drill- 
ing was resumed with the advance trepan, which reached the 
original depth of 167.2 m. (548 ft.) on March 4th. Drilling 
was continued with the small and large trepans alternately 
(the latter being somewhat reduced in size), until the bottom 
of the lining stood at 164 m. (537 ft.). The question of a second 
lining was then considered, but abandoned for the moment 
in the hope that the ground would stand. At 194 m. (636 ft.) 
further caving occurred, but the mine management was con- 
vinced that the ground had given way only in the advance 
bore and immediately below the bottom of the temporary 
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linmg, and that the shaft walls at 194 m. (636 ft.) were sound 
enough to permit of putting in the permanent lining for shut- 
ting out the water. As the shaft bottom was close to the bed 
of rock-salt and the management was strongly opposed to placing 
the moss-box in the salt itself, it was thought that a height of 
15 m. (49 ft.) of shaft would amply suffice to secure a good 
water-tight-joint between the lining and the shaft walls, and 
boring was stopped. A second plate-iron lining was lowered 
until its lower edge was 15 m. (49 ft.) above the bottom, i.e., 
at a depth of 178 m. (583 ft.). It was 15 mm. (0.58 in.) thick, 
15 m. (49 ft.) high, and 4.66 m. (15.3 ft.) outside diameter. 
The upper 0.5 m. (1.6 ft.) overlapped the lower part of the 
first lining, and the whole was suspended by four flat ropes, 
100x10 mm. (3.9x0.39 in.) in cross-section. 

The shaft bottom was then cleaned out and preparations 
made for placing the permanent cuvelage in position, but on 
November 10th renewed caving occurred, making it necessary 
to extend the second temporary lining to the bottom of the 
shaft. ' For this purpose a third plate-iron cylinder was built, 
4.43 m. (14.54 ft.) inside and 4.478 m. (14.68 ft.) outside diam- 
eter, 19i m. (64 ft.) long and weighing 53,125 kg. (117,000 lbs.). 
The lowering began February 1st, and on the 7th the cylinder 
came to rest on the bottom, which was then at 191.35 m. (628 ft.), 
thus showing that there was some 3 m. (10 ft.) of caved mate- 
rial in the sump, which had previously been bored to 194.37 
m. (638 ft.). This material was sopn removed. In order to 
secure a sufficient depth of uncaved wall-surface to permit of 
making a proper concrete junction between the walls and the 
permanent lining, the shaft was drilled to a total depth of 203.5" 
m. (667 ft.). 

Subsequent work continued without incident. The boring 
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plant, etc., was dismantled and work on the cuvelage com- 
menced May 17th. This lining reached the bottom on June 
5th, and the concreting was finished July 6th. Between August 
15th and 26th the water wcs pumped out from the cuvelage, 
after which the cover and bottom diaphragm were removed. 
By September 1st regular sinking was resumed below the moss- 
box, the inflow of water being about 250 1. (66 galls.) per minute. 
Four weeks were then occupied in installing a Tomson water- 
hoist, so as to avoid risk of being drowned out. On resuming 
work it was found that the flow of water had decreased to 15 
or 20 1. (4 or 5 galls.) per minute. From October 1st to No- 
vember 11th 6.26 m. (20.5 ft.) were sunk by hand to the anhy- 
drite strata and lined with closing tubbing-rings, which made 
the shaft entirely water-tight. 

In this case, by employing the Kind-Chaudron system, 70 m. 
(230 ft.) of shaft were completed in twenty-seven months. 
This period might have been greatly shortened had the plate- 
iron linings been ready when needed. Much time was lost 
by having to order them as required, during which delays the 
boring was naturally at a standstill. More time was lost by 
having repeatedly to remove caved material, and also by the 
installation of the Tomson water-hoist, which eventually proved 
to be unnecessary. With due allowance for these adverse 
circumstances, the results obtained may be considered fairly 
satisfactory. 
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Boring the Preussen II and Scharnhorst Shafts. 

Shaft No. 1 at Schamhorst was begun in 1873, but after 
reachmg a depth of 117 m. (384 ft.) was abandoned. It was 
not completed until 1897, the latter part having been sunk 
by boring. Shafts Nos. 1 and 2 of the Preussen II mine were 
completed in 1898. Of these, shaft No. 1, formerly known as 
the Bertha Wilhelmina, had reached a depth of 233 m. (764 ft.) 
in the seventies of the last century, when it was abandoned 
because of the large inflow of water. On resuming work it 
was bored from a depth of 233 to 372 m. (764 to 1220 ft.), 
shaft No. 2 of the same mine being carried down by similar 
means from 260 to 368 m. (853 to 1207 ft.). At the time of 
their completion these were the deepest shafts yet sunk by the 
Kind-Chaudron method. 

The permanent cuvelage of shaft No. 1 is 4.1 m. (13.5 ft.) 
in diameter by 152 m. (498 ft.) in height, consisting of rings 
from 65 to 95 mm. (2.5 to 3.7 ins.) thick and weighing, with all 
supplementary parts, 1,560,532 kg. (3,438,410 lbs.). The 
lining of shaft No. 2 is 4.4 m. (14.4 ft.) diameter by 118 m. 
(387 ft.) high, of rings 75 to 105 mm. (2.9 to 4.1 ins.) thick 
and weighing, complete, 1,370,700 kg. (3,015,540 lbs.) The 
bottom diaphragm, weighmg 22,000 kg. (48,400 lbs.), was of 
cast steel. 
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Sinking at the Mine of Aktien-Gesellschaft Benthe, 

FORMERLY GEWERKSCHAFT WaLLMONT, HaNOVER. 

The Hennahn shaft of this company was started April 5, 
1899, about 1 km. (3280 ft.) from the village of Benthe. Hole 
No. 5 of the preliminary borings showed the following strata: 

Soft surface soil to 4 m. (0-13 ft.) 

Red unctuous clay, without water 4 to 33 m. (13-108 ft.) 

Red and blue clays, with bunstandstein layers. . . 33 to 85 m. (108-279 ft.) 

Red and gray clay, with gypsum stringers 85 to 170 m. (279-558 ft.) 

Rock-salt below 170 m. (558 ft.) 

On May 30th a depth of 33 m. (108 ft.) had been attained 
by the ordinary methods of hand-work. A hoist was then 
installed, and work advanced so rapidly that on October 17th 
the rock-salt was cut at 163 m. (535 ft.). At this point a small 
flow of brine on the top of the salt-bed was the precursor of 
trouble. It carried 29% of sodium chloride and mcreased in 
volume hourly, so that the pumps, which had a capacity of 4 cbm. 
(1056 galls.) per minute, were no longer able to handle it. 
Expert advice was against any attempt to keep the water 
down by means of larger pumps, for fear that the shaft might 
cave, but strongly advocated completing the work by means 
of the Kind-Chaudron system, particularly as the operations 
at the Jessenitz shaft had demonstrated the practicability of 
shutting out the water in the salt-bed. 

Accordingly, towards the end of October, the firm of Haniel 
& Lueg was entrusted with the work. At that time the shaft 
was lined with masonry from 130 m. (426 ft.) to the surface 
and with temporary lining from 130 m. to the bottom or 163 m. 
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(535 ft.). The diameter inside the masonry lining was 5 m. 
(16.5 ft.), and, the shaft being free from pumps and platforms, 
it was only necessary to level up the sump by putting in some 
4 m. (13 ft.) of concrete for the drilling to start on. All prep- 
arations were completed early in March. 

When the large trepan was lowered to sound the depth, it 
came to rest at 153 m. (502 ft.) instead of on the concrete at 
159 m. (521 ft.). Investigation disclosed the presence of a 
mass of clay, which could only have come from the temporarily 
lined portion of the shaft above. This indicated that further 
caving might take place, and could be avoided with certainty 
only by Uning the lower part of the shaft. There was, how- 
ever, a bare possibiUty that the provisional lining might sup- 
port the clay walls, so that it was decided to put the shaft 
down to the rock-salt in full cross-section and to await develop- 
ments during that work before attempting to install a perma- 
nent lining. The accumulation of clay was then removed 
from the sump and work with the large trepan resumed, which 
encountered somewhat harder material at 157 m. (515 ft.). 
On April 25th the large trepa© reached the depth of 166 m. 
(545 ft.), the shaft at that point being entirely in rock-salt. 
The sludger had uniformly brought up a mixture of clay and 
rock-salt, and no important fall of clay had been noticed. From 
April 25th boring was continued with the small trepan to a 
depth of 181.4 m. (595 ft.). During this period the drillings 
brought to the surface consisted of clay and rock-salt, the 
former predominating. This showed that the temporary lining 
had failed to support the walls effectually, and that a more 
satisfactory lining would have to be put in. It was decided 
to cany the boring to a finish, however, and then to lower 
an iron cylinder 4.9 m. (16 ft.) inside diameter, 20 mm. (0.78 in.) 
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thick, and 34^ m. (113 ft.) high, for the purpose of safeguarding 
the shaft while installing the permanent cuvelage. 

From May 11th to July 15th drilling was continued, alter- 
nately with the small and large trepans. At that time the 
advance bore was 197 m. (646 ft.) and the full section 181 m. 
(594 ft.) deep. But in the meantime rock falls had so increased 
that grave anxiety was felt for the safety of the upper masonry- 
lined part of the shaft. The large trepan had left a small bench 
or shoulder in the gypsum at 163 m. (535 ft.) to serve as a sep^t 
for the proposed provisional lining. On making soundings, 
however, it was found that this shoulder had disappeared, 
having evidently been undermined and washed away by the 
subsequent work. This serious state of affairs called for an 
immediate lining of the shaft. The lowering apparatus was 
too light to handle the entire weight (100,000 kg.= 220,000 lbs.), 
at one operation, so that the plate-iron cylinder had to be 
cut into two portions. To afford the lower section a support, 
the bottom of the shaft was filled with gravel to the 163-m. 
level. When this section reached the bottom the six support- 
ing flat ropes, 100x10 mm. (3.9X0.39 ins.) in cross-section, 
were made fast at the surface, for holding the lining when the 
gravel was removed. These ropes also served as guides for 
the upper half, so that when lowered it fitted accurately above 
the other. 

This work was completed September 15th. The spaces back 
of the lining caused by caving of the shaft-walls were then 
filled with fine slag and broken stone to avoid displacement of 
the lining in case of further movement. The filling was accom- 
plished by. means of a conical hood placed on top of the lining, 
which distributed the filling material around the sides. To 
prevent this filling from running out below, when removing the 
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gravel from the bottom of the shaft, the bottom edge of the 

lining was provided with hinged flaps which, during the process 

of lowering, would fold up and pass obstacles, but would be 

forced down and against the shaft walls by the filled material, 

the latter being thus held in place. In spite of the utmost care 

in planning and carrying out this procedure, the shaft was 

ultimately found to be forced into an oblong section, one axis 

being some 160 to 180 mm. (6 to 7 ins.) longer than the other; 

but fortunately without serious detriment, as the portion of 

the shaft sunk by boring had an inside diameter of 4.95 m. 

(16.23 ft.), which was large enough to permit of placing and 

concretmg the cuvelage, which was to be of 4.1 m. (13.44 ft.) 

inside diameter. 

The work of clearing out the gravel was begun September 

20th, and the bottom of the advance bore," at 197 m. (646 ft.), 

was reached on October 15th. Boring was then continued, 

alternating with the large and small trepans, the former having 

been reduced to 4.92 m. (16.1 ft.), th^ latter being 2^ m. (8.2 ft.) 

gauge. After reachmg the depths of 204 and 215 m. (669 and 

705 ft.) respectively with the two trepans, boring was stopped. 
On January 18, 1901, the lowering of the cuvelage was 

commenced, and terminated without incident March 4th. Be- 
tween that date and March 29th the shaft was concreted, and 
eight weeks later, May 28th, after the concrete had hardened, 
unwatering was begun. The shaft was found to be completely 
water-tight, the moss-box joint in the rock-salt being entirely 
satisfactory. But unfortimately a further flow of water was 
encountered in the salt 40 m. (131 ft.) below the moss-box, 
which permanently drowned out the shaft and caused it to be 
abandoned. Plate No. IX shows the completed shaft. The 
importance of the work here described lies again in the con- 
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firmation of the idea that a shaft-lining can be rendered water- 
tight even in a bed of rock-salt. 



Sinking the New Shaft at the K'niglich Wurtember- 
'GiscHEN Saline, Friedrichshall, near Kochendorf, 

WÜRTEMBERG (PlATE X). 

The work at this shaft was particularly interesting, because 
the formation had been completely explored before its inception, 
and it was definitely known that water, though in considerable 
quantities, was likely to be encountered in two strata only, 
very close together, at depths of 102 and 103 m. (334 and 
337 ft.). Preparations were consequently made at the start 
to use the Kind-Chaudron method, should it be found necessary. 

Sinking was begun January 21, 1896, by hand with the aid 
of a windlass. On April 18, 1896, the hoist and pumps were 
started. The shaft was lined with machmed tubbing-rings, 
5.25 m. (17.2 ft.) in the clear. 

After sinking to 91 m. (298 ft.) the underlying strata were 
investigated by a bore-hole, and on October 9, 1896, at a depth 
of 98.15 m. (322 ft.), water was struck. The hole was then 
plugged and, after sinking to a total depth of 92.3 m. (303 ft.) 
and completing the tubbing to this point, a pump capable of 
throwing 11 cbm. (2904 galls.) per minute was installed. Sinking 
was resumed December 16th, and at a depth of 96.75 m. (327 ft.) 
the underlying water, being under pressure, broke into the 
shaft through the remaining 1.6 m. (5 ft.) of dolomite. The 
flow amounted to 4 cbm. (1056 galls.) per minute, which could 
be readily handled. After sinking to 101 m. (331 ft.) an ex- 
ploratory bore-hole was put down, encountering the second 
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water-bearing stratum at 102.2 m. (335 ft.), in which the water 
was also under considerable pressure. After plugging both 
bore-holes, the lower part of the shaft was lined by tubbing, 
to dam back the water from the upper water-bearing horizon. 
This was successfully accomplished January 27th. 

Early in February, on cutting the lower water-bearing 
stratum in the shaft, the inflow proved greater than the pimips 
could handle. The water rose rapidly with a flow estimated at 
18 cbm. (4750 galls.) per minute. As it was known to be only 
IJ m. (4.9 ft.) from this point to the underlying impervious 
rock, where the water could be shut out by means of tubbing, 
it was decided to make a final attempt to push through by 
using larger pumps. Two of these were installed, bringing the 
total pumping capacity up to 34 cbm. (8975 galls.) per minute. 
Everything being in readiness, unwatering was started August 6, 
1897. The water was successfully lowered to the 75-m. (246-ft.) 
level, when further progress suddenly ceased. It was probable 
that new channels had opened, thus admitting a larger flow. 
At their highest speed the pumps could not lower the water 
below the 88-m. (288-ft.) mark. Divers were accordingly sent 
down to clean up the bottom preparatory to beginning boring, 
and pumping was suspended. After the water had assumed, 
its normal level, the shaft- bottom was filled to a depth of 8 m. 
(26 ft.) with concrete and the surface equipment for boring 
erected. On December 6th, preparatory to beginning boring, 
the shaft was unwatered to clear it of pumps, timbering, plat- 
forms, etc. This work was completed to a depth of 95.25 m. 
(313 ft.), and boring begun on May 3, 1898. 

The ground to be traversed consisted of : 
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Concrete from 95.5 to 101 .5 m. (313-332 ft.) 

White dolomitic marls 101 . 5 to 102 . 5 m. (332-335 ft.) 

Gypsmn, with clay and stringers of anhy- 
drite 102.5 to 103.15 m. (335-337 ft.) 

Gypsimi and clay, alternating with layers 

of anhydrite 103.15 to 106.25 m. (337-348 ft.) 

Bituminous clay, with stringers of gypsum 106.25 to 106.95 m. (348-350 ft.) 

Anhydrite 106.95 to 107.49 m. (350-352 ft.) 

Clay, with gypsiun and anhydrite 107 . 49 to 108 . 9 m. (352-357 ft.) 

Anhydrite 108.9 to 109.64 m. (357-359 ft.) 

Bedded clays, with stringers of gypsiun and 

anhydrite 109.64 to 110.54 m. (359-361 ft.) 

Hard anhydrite 110.54 to 111.7 m. (361-365 ft.) 

Bedded clays, with layers of gypsmn. ... 111.7 to 114.2 m. (365-374 ft.) 
Bedded clays, alternating with layers of 

anhydrite 114.2 to 120.0 m. (374-393 ft.) 

The small tret)an, 2J m. (8.2 ft.) diameter, was started 
Mya 3, 1898, and on June 30th reached a depth of 120 m. 
393 ft.), the only interruption to the work being to put down 
a diamond-drill hole to 148 m. (485 ft.) to investigate the 
water conditions. The average daily progress of the small 
trepan was 0.54 m. (1.77 ft.). Drilling with the large trepan, 
5.2 m. (17 ft.) diameter, began July 1st and was stopped Octo- 
ber 21, 1898, at 116.95 m. (383 ft.), the average daily advance 
bemg 0.2 m. (0.66 ft.). 

The shaft was now cleaned out as far as possible, the drilling- 
plant dismantled and the requisite apparatus installed for 
putting in the cuvelage. On November 4th the erection of 
the moss-box was begun, lowering commenced November I4th, 
and the top of the lining was closed with its cover November 
24, 1898. During the following night the cuvelage was success- 
fully lowered into place, the moss-packing being compressed 
from a height of 97 cm. to 36 cm. (37.8 to 14 ins.). The con- 
creting was carried on by means of six depositing-boxes, and 
was finished without incident on the 5th of December. Unwater- 
ing was begun about the middle of January and proved that 
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the cuvelage was absolutely water-tight. The cover and bot- 
tom diaphragm of the cuvelage were removed, and by January 
23, 1899, the shaft was open throughout. 

Sinking by hand was resumed January 25th in order to put 
in place the closing-tubbing rings below the moss-box. These 
were 2.4 m. (7.8 ft.) high. The setting of these rings, on Febru- 
ary 15, 1899, concluded the work of Messrs. Haniel & Lueg, 
and the shaft, entirely water-tight to a depth of 119.35 m. 
(390 ft.), was turned over to the company. Subsequently, for 
additional security and in order to make a better connection 
with the lower masonry lining, another short set of tubbing- 
rings 3.26 m. (10.7 ft.) in height was put in place. The cuvel- 
age was 4.4 m. (14.4 ft.) in the clear and was transported in 
sections by boat from Düsseldorf to Kochendorf . 

The following table shows the costs of boring and lining 
this portion of the shaft: 

Bfarks. 

1. Buildings, derrick, etc 12,200.49 

2. Concreting the shaft-bottom 6,462.06 

3. Altering hoisting-engine on the ground for the work of boring. 16,886 . 70 

4. Erecting and removing the boring-apparatus, tools, and msr 

terials 32,109.41 

5. Boring-plant and tools purchased 57,156.75 

6. Rent of boring-plant 13,024.50 

7. Cuvelage and closing tubbing 62,012.94 

8. Freight on cuvelage 6,893.55 

9. Wages, salaries, and supplies 112,272 . 15 

10. General expenses 2,854.38 

i:".. Premiums and royalties 20,754.00 

Total 342,635.93 

Or about 185,65000 

Allowing 42,635.93 marks as the value of such parts of the 
plant as could be sold, the total cost per meter for the 31.5 m. 
(102 ft.) of shaft between the depths of 87.95 and 119.35 m. 
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(288 and 390 ft.) amounted to say "^äf-r- = 9550 marks per 

meter of depth (about $735.00 per ft.). This very high price 
is explained by the fact that the entire cost of boring was 

borne by a comparatively small depth of shaft. The time con- 
smned, from December 6, 1897, to February 15, 1899, was 
14 months, equivalent to an advance of 2.22 m. (7.28 ft.) per 
month. In comparing these apparently very unsatisfactory 
results with the rate of advance and cost when sinking was 
being prosecuted with the aid of pumping, the case assumes 
an entirely different aspect. The portion of shaft from 92.3 to 
101 m. (302 to 331.5 ft.), which occupied the time from Octo- 
ber 9, 1896, to December 6, 1897, also took 14 months, while 
the total advance was only 9 m. (29.5 ft.), or an average monthly 
progress of 0.65 m. (2.13 ft.). The actual figures for cost for 
this part of the work may be stated as follows: 

Marks. 

1. Three pumps, with a capacity of 34 cbm. (8976 galls.) per minute 165,000 

2. Boiler-plant and buildings, complete 75,000 

3. Piping, etc 5,000 

4. Installation and dismantling of plant 40,000 

5. Concreting shaft bottom 6,462 

6. Wages, salaries, and small supplies 110,000 

7. Sundry expenses 3,000 

8. Fuel , 46,000 

Total , 450,462 

Less value of sale of machinery and boilers, 60% of purchase price. . 144,000 

Net cost of 9 m. of shaft 306,462 

Or about 34,050 marks per meter ($2595.00 per ft.). 

It is but right to charge the concreting of the shaft bottom 
to this work. This would have been unnecessary, and time 
would have been saved if the management, on reaching the 
depth of 92.3 m. (302 ft.), had decided upon the immediate 
application of the Kind-Chaudron system. Besides the 300,- 



56 SHAFT-SINKING. 

000 marKS expended in boring, the futile attempt to sink by 
hand-work and pumping, between the depths of 92.3 and 119.35 
.m. (302 to 390 ft.), cost, including the cuvelage to the 87.95 m. 
level, 306,462 marks; the grand total was 606,462 marks, or 
over 20,000 marks per meter (say, $1722.00 per ft.). 

This statement again demonstrates, as has been shown 
elsewhere, that for very wet formations, and when good 
judgment is exercised in dealing with the conditions presented, 
the Kind-Chaudron is the safest, cheapest, and quickest method 
of sinking. 

Sinking the Shaft of the Potash-mine, Gewerkschaft 
Alexandershall, at Berka on the Werra. (Plate 
XI.) 

The conditions under which this shaft was sunk may be con- 
sidered as unique. A heavy flow of water was encountered 
between the depths of 115 and 130 m. (377 to 426 ft.), under 
such pressure that from 3 to 4 cbm. (792 to 1056 galls.) per 
minute constantly flowed over the collar of the shaft during 
the progress of the work. This was anticipated, however, as 
the water spouted to a height of 10 m. (33 ft.) from the pre- 
liminary bore-holes, when they entered the dolomite at a 
depth of 115 m. (377 ft.) below the surface. Above that point 
there were no indications of any such flow of water. It was 
therefore evident that the formation above the dolomite could 
be sunk through by ordinary methods, but that the Kind- 
Chaudron system alone would serve for the lower portion of 
the shaft. 

The shaft was begun early in June, 1899, some 40 m. (131 ft.) 
from bore-hole No. 2, on the high-road between Berka and 
Dippach. The formation was as follows: 
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Alluvium and diluvium to 7.1 m.( 0-23 ft.) 

Lower Buntsandstein ^ _ . . / 7.1 to 61.5 m. ( 23-202 ft.) 

Brittle shales. j Inassic. | ^^ ^ to 102.0 m. (202-234 ft.) 

Upper clay 102.0 to 114.98 m. (334-377 ft.) 

Stratified dolomite 114.98 to 130.0 m. (377-426 ft.) 

Red clay, with stringers of gypsum 130 . to 161 . 5 m. (426-529 ft.) 

Anhydrite 161.5 to 162.5 m. (529-533 ft.) 

Upper Permian: 

Clay, with stringers of anhydrite 162 . 5 to 164 . 25 m. (533-539 ft.) 

Compact anhydrite 164.25 to 167.3 m. (539-549 ft.) 

Clay 167.3 to 169.8 m. (549-557 ft.) 

Compact anhydrite 169.8 to 181.0 m. (557-593 ft ) 

Saliferous clay 181 .0 to 191 .0 m. (593-625 ft.) 

Rock-salt below 191 .0 m. (625 ft.) 

No difficulties in sinking were to be anticipated down to the 
brittle shales at 61.5 m. (202 ft.). 

On July 24th the first wedging-crib wp.s put in place at 
20.45 m. (67 ft.). Ten tubbing-rings, 5.5 m. (18 ft.) in the 
clear and 1.5 m. (4.9 ft.) high, were built up from the crib, 
bolted together, .and the spaces behind them concreted. The 
inflow of water, which had been 3.6 cbm. (950 galls.) per minute, 
was thus reduced to 1.1 cbm. (290 galls.). As sinking con- 
tinued the flow again rose to 4.4 cbm. (1161 galls.), though 
this quantity was not continuously maintained. The Bunt- 
Sandstein proved to be fissured, so that on blasting fresh accu- 
mulations of water were often encountered, increasing the 
flow temporarily until they had drained off. At 34.5 m. (113 ft.) 
an impervious stratum was cut, suitable for the setting of another 
wedging-crib, which was placed 35.8 m. (117 ft.) below the 
surface. Upon it tubbing was again built up, thereby reducing 
the inflow to 600 1. (158 galls.) per minute. 

The work proceeded in a similar manner until a depth of 
101 m. (331 ft.) was reached. At first the water was raised 
by Pulsometers; later a duplex pump was installed, and when 
this no longer sufficed a simple, direct-acting pump was added, 
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with steam-cylinder 1.4 m. (4.6 ft.) diameter by 3.15 m. (10.3 ft.) 
stroke, and two water-cylinders 0.5 m. (1.64 ft.) diameter, 
raising from 7 to 8 cbm. (1848 to 2112 galls.) per minute. 

This method of sinking was discontinued May 8, 1900, at a 
depth of 101.33 m. (332 ft.), and preparations were made to 
continue by the Kind-Chaudron system. The preliminaries 
were completed by the middle of July, and boring began with a 
2J-m. (8.2-ft.) trepan. On striking the dolomite, at 115 m. 
(377 ft.), the water, which had previously stood 5 m. (16.5 ft.) 
below the collar of the shaft, suddenly rose so that about 400 1. 
(105 galls.) per minute overflowed. As the small trepan 
advanced the flow increased to 3 or 4 cbm. (792 to 1056 galls.) 
per minute. The advance bore was continued to a depth of 
133.6 m. (438 ft.), i.e., 2 m. (6.5 ft.) below the dolomite. By 
this time so much caving occurred between 100 and 115 m. 
(328 and 377 ft.) that it became advisable temporanly to line 
this portion of the shaft. Work with the large trepan (5.3 m. 
or 17.4 ft. diameter) was therefore begim and carried down to 
111 m. (364 ft.), when it was stopped for putting in the Hning. 
This was 5.23 m. (17.15 ft.) in the clear, 18 m. (59 ft.) high, and 
30 mm. (1.17 in.) thick. When this cylinder reached the bot- 
tom of the shaft, work with the large trepan was resumed and 
the lining driven 2.83 m. (9.3 ft.) deeper, so that its lower 
edge rested at 114.13 m. (375 ft.). Sinking was continued to 
115 m. (377 ft.) with the large trepan, slightly reduced in 
diameter so as to pass the Iming. The advance bore was then 
deepened, reaching the 153-m. (502-ft.) mark on January 9, 
1901, being at that point 23 m. (75 ft.) below the top of the 
red clay. 

Falls of rock had been noticed for some time, so that it 
became imperative to line the shaft completely below the 115 ni. 
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(377 ft.) point. While using the enlarging trepan the tem- 
porary lining had sunk 3 m. (10 ft.) farther, or to a depth of 
118 m. (387 ft.), and when the enlargement had reached 139 m. 
(456 ft.), caving became so serious that additional lining was 
demanded at once. A second plate-iron cylinder 5 m. (16.4 ft.) 
inside diameter, 20 m. (65 ft.) high, and 15 mm. (0.58 in.) 
thick, was put in, after which the large trepan, correspondingly 
reduced in size, was again used. The lining then dropped 
down to 141 m. (461 ft.), where it remained pemanently fast. 
Below this point the rock became harder and showed no inclina- 
tion to cave, so that the advance bore was terminated at 170 m. 
(557 ft.) and the full section shaft at 166 m. (544 ft.). There 
was 25 m. (82 ft.) of shaft below the second temporary lining, 
m which a satisfactory connection could be made between the 
cuvelage and the shaft walls. ^ 

The cuvelage was lowered between November 15 and 
December 18, 1901. It was 4.1 m. (13.44 ft.) in the clear 
and 82 m. (269 ft.) high. The operation of concreting between 
the shaftr walls and the cuvelage had to be done imder unusual 
conditions, which had been the subject of much discussion as 
the work advanced. As the water overflowed at the surface, 
the shaft was filled with what was practically running water, 
which cannot be dammed back by fresh concrete. Experience 
and observation indicated that the chief source of this flow 
was in the dolomite and that the strata below were dry. In 
other words, although the water overflowed at the shaft mouth, 
it must necessarily be quiescent between the depths of 130 and 
166 m. (426 and 544 ft.). It would be entirely practicable, there- 
fore, to concrete the lower part of the shaft, and after making 
it water-tight the water could be shut out above by continuing 
the cuvelage to the surface. 
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As matters stood, the shaft was lined with tubbing for a 
depth of 97 m. (318 ft.) from the surface, so that under or- 
dinary circumstances a cuvelage reaching 15 m. (49 ft.) up 
into the tubbing would be amply sufficient. The manage- 
ment cast about for some means of making such an addition 
to the cuvelage as would meet the difficulty without large 
expense. 

It happened that some 20 m. (65 ft.) from the shaft the 
ground was 2J m. (8.2 ft.) lower than the shaft collar. This 
gave General Manager Naderhofif the idea of tapping the water 
in the dolomite by means of a bore-hole sunk at that point, 
which would naturally divert the flow from the shaft. Assist- 
ance in bringing about this result could be obtained by build- 
ing up the masonry walling at the shaft mouth a few meters 
above the surface. Such a bore-hole was accordingly started 
and was completed before the shaft was down to its full d^th; 
its diameter varied from 1 m. (39 ins.) at the mouth to 700 mm. 
(27 ins.) at the bottom. The outcome was only partially suc- 
cessful, much of the water still continuing to overflow at the 
shaft mouth, although a portion was diverted through the 
bore-hole. Nevertheless, the conditions for concreting were 
improved, as it became possible to cut out the upper flowing 
water at a lower point in the shaft. 

The following method of concreting was adopted. The 
cuvelage from 130 to 166 m. (426 to 544 ft.) was concreted in 
the usual way, as the water was still. Then the spaces behind 
the portion of the cuvelage in the dolomite, between 115 and 
130 m. (377 and 426 ft.), were filled with coarse gravel. This 
was intended to give the water access to the bore-hole, while 
at the same time presenting some obstruction to its rise through 
the inside of the shaft. Fine gravel and sand were afterward 
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filled in until the ascending current in the shaft ceased, when 
concreting in the usual manner was carried out, the work 
beginning on December 18th. By the middle of January the con- 
creting had reached the'124-m. (407-ft.) mark. Then the upper 
masonry walling was raised 2 m. (6.5 ft.) more above the shaft 
collar; upon which the water-level rose to a point 1.84 m. (5 ft.) 
above the collar, where it came to equilibrium, the entire inflow 
of the shaft, barring a few small leakages, passing out through 
the bore-hole. Gravel was then filled in behind the cuvelage 
between 124 and 114 m. (406 and 374 ft.) depth, after which 
ordinary concrete filling was resorted to. 

This work was finished February 1, 1902, and unwatering 
begun March 10, 1902. It soon became apparent that the re- 
sults were satisfactory, only a few unimportant leaks appearing 
in the concrete, due to imperfections in laying it and to small 
rising currents of water during the progress of the work. These 
defects were easily remedied by the addition of two tubbing- 
rings, behind which concrete was tightly rammed. 

The shaft was clear of water by March 27th, and sinking was 
resumed, preparatory to placing the bottom connecting tubbing- 
rings in position. This was done and the shaft completed 
about the middle of April, 1902. 



Sinking the Shaft of the Potash-mine, Gewerkschaft 
Franz, at Lübtheen (Mecklenburg). 

The Mecklenburg government, in the years 1874 to 1880, 
put down seven bore-holes in the immediate vicinity of a 
gypsum-quarry owned by the state. Four of these penetrated 
a rich potassium deposit, while two others were abandoned 
in rock-salt. In 1895 the government transferred its rights in 
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these deposits to a certain Sholto Douglas, who, at the end of 
the same year, started to sink a shaft near the edge of the 
gypsum. This location was chosen as the shaft would be 
almost wholly in the gypsum itself, which elsewhere was over- 
laid by sundry beds of sand and clay. 

Bore-hole No. 1, which was close to the shaft, cut the follow- 
ing strata: 



Yellow sand to 

White sand 7.3 to 

Fine blue sand 11 . 8 to 

Coarse sand 17 . 5 to 

Gypsum, with sand and clay 22 . 5 to 

Hard gypsum, with clay 31 . 5 to 

Hard gypsum 37 . 5 to 

Alternating gray and white gypsum 59 . 8 to 

White gjrpsum 66 . 6 to 

Alternating white and gray gypsum 83 . to 

White gypsimi 95 . 2 to 

Hard blue gypsum 135 . 2 to 

White gypsum 174 . to 

Very hard bluish gypsum and anhydrite. . . 179 . 5 to 

White, crystallized gypsum 200 . to 

Soft white gjrpsum 201 . 2 to 

Gray gypsum 209 . to 

Gypsum with stringers of rock-salt 284 . to 

Anhydrite and gypsum 288 . to 

Saliferous clay 315 . to 



7.3 m. ( 


0- 24 ft.) 


11.8 m. ( 


; 24- 39 ft.) 


17.5 m. ( 


; 39- 67 ft.) 


22.5 m. ( 


; 57- 74 ft.) 


31.5 m. ( 


74- 103 ft.) 


37.5 m. ( 


103- 123 ft.) 


59.8 m. ( 


; 123- 196 ft.) 


66.6 m. ( 


. 196- 218 ft.) 


83.0 m. { 


[ 218- 272 ft.) 


95.2 m. ( 


272- 312 ft. ) 


135.2 m. ( 


: 312- 443 ft.) 


174.0 m. ( 


[ 443- 570 ft.) 


179.5 m. ( 


[ 570- 589 ft.) 


200.0 m. ( 


; 589- 656 ft.) 


201.2 m. ( 


; 656- 661 ft.) 


209.0 m. 


[ 661- 685 ft.) 


284.0 m. 


[ 685- 931 ft.) 


288.0 m. 


( 931- 944 ft.) 


315.0 m. 


( 944-1033 ft.) 


327.0 m. 


[1033-1072 ft.) 



At the point where the shaft was begun the gypsum-quarry 
had been opened to a depth of 15 m. (49 ft.). The water was 
first removed from the quarry, and then masonry waUing 5.6 m. 
(18.4 ft.) in diameter was built up from the bottom. Sinking 
was started by hand inside the walling, the water being raised 
by Pulsometers. The gypsum proved to be much fissured, 
with a large and troublesome inflow of water. At the end of 
1896 the shaft was only 36 m. (118 ft.) deep and eight Pul- 
someters were no longer able to keep it free of water. 



Fig. 5. — Gewerkschaft Friedrich Franz. Lai^ Trepan with Cuiding Cylinder 
and Lateral Bita on the Lower Edge. 
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As a result of this failure it was decided to install the iCind- 
Chaudron system. Preparations were completed by April 
15th, and the small trepan was lowered for the first time on 
the 20th of that month, reaching a depth of 142 m. (466 ft.) 
by October 19th. The subsequent enlargement of the shaft 
to this depth with the large trepan was equally successful. 
But further advance was slower because of the steep dip of the 
strata and greater hardness of the rock. Serious difficulties 
were encountered between 180 and 205 m. (590 and 672 ft.) 
below the surface, where the strata were steeply inclined, and 
veiy hard in some places, though elsewhere varying from hard 
to soft, besides being much fissured. Broken bits frequently 
stuck in the fissures and could not be recovered by the grappling- 
tools. These pieces of steel remaining in the bottom were a 
further source of trouble, and retarded the daily advance. A 
frequent tendency of the trepans to diverge from the vertical 
also became noticeable, so that the shaft walls had frequently 
to be dressed down. The work was not only difficult but met 
with manifold mishaps. 

On May 16, 1899, the advance bore was at 203 m. (666 ft.) 
depth and the enlargement at 179 m. (587 ft.) . At this point 
the boring-rod broke directly above the small trepan. All 
attempts to pick up and raise the trepan failed; the broken^end 
of the rod was probably janamed in some fissure in the walls 
so that it could not be grappled. After several months of fruit- 
less efforts it was decided to abandon the advance bore tem- 
porarily, to continue with the large trepan to where the small 
one was stuck, and then to drill around the latter. The small 
trepan was first covered with a layer of sand in order to avoid 
embedding it immovably in slimes. The enlargement of the 
shaft was very difficult in the steepy dripping broken groimd, 
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varying as it did in hardness, and was not concluded until 
April, 1899. Every attempt made to drill aroimd the small 
trepan failed because of the hardness of the rock. The long 
boring-rods vibrated so that it was feared they might break off. 

Finally it was decided to break up the lost trepan. This was 
successfully accomplished after about four months' work, and 
the obstructing-tool was brought to the surface in fragments 
of varying size. Work advanced regularly after this, and on 
November 13, 1899, a depth of 242 m. (794 ft.) was attained, 
at which point the moss-box of the cuvelage was to be put in 
position. 

A test of the shaft made by means of a wooden template 
showed that there were various irregularities in the walls re- 
quiring rectification. This work could not be done with the 
large trepan even after lengthening its guides to 7 m. (23 ft.), 
because the bits could not be made to cut at the points where 
the inequalities were found. Previously, success had always 
accompanied the use of such apparatus, even at Jessenitz. The 
trepan was eventually provided with a cylindrical mantel 
3.5 m. (11.5 ft.) high (Fig. 5) aroimd the lower edge of which 
small bits were set. The adoption of this device was based on 
the assumption that where there was a protuberance on one 
side of the shaft there was boimd to be a corresponding depres- i 
sion on the other side. The results proved this theory to be 
correct. ^ 

By the early part of March, 1902, the work had proceeded * 
until the few remaining inequalities in the shaft walls were not 
deemed of enough importance to prevent the lowering of the 
cuvelage. The event, however, showed this to be an error, 
for the cuvelage stuck fast at 143 m. (469 ft.) and could be 
lowered no farther, so that on March 23, 1902, it was decided 
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to raise it again, reduce the diameter of the moss-box rings, 
and again dress down the shaft-walls. (Figs. 6 and 7 show 
simdry details connected with the drill-work and the lowering 
of the cuvelage, which are self-explanatory.) 

During the summer of 1902 the cuvelage was finally in- 
stalled and the concreting completed, but on pumping out the 
shaft it was found that some small quantity of water leaked 
through the moss-box. On removing the cover and lower 
diaphragm of the cuvelage and reaching the sump, the water 
was found to come chiefly from small fissures and crevices in 
the rock; but little entered through the moss-box, which was 
practically water-tight, save at the points where the above-men- 
tioned crevices ran under it. 

As the water increased rapidly on beginning sinking by 
hand, work had to be discontinued, the shaft was allowed to 
fill again and boring resumed. Since the cuvelage was only 
3.65 m. (11.87 ft.) in the clear, the trepan was reduced to 3.6 m. 
(11.8 ft.) in diameter, for boring the full area at one operation, 
rather than beginning with an advance bore, which would not 
have paid. By the end of May, 1904, a point was reached at 
a depth of 285 m. (935 ft.), where it was believed that the water 
could be successfully excluded. After the usual preparations, 
a new cuvelage 3 m. (9.84 ft.) inside diameter was installed 
during June, and concreting was finished early in July, 1904. 

The second unwatering of the shaft began in August. It 
soon became evident that the cuvelage was not water-tight. 
Although its top could be almost uncovered by constant bailing 
with two water-skips, it could not be laid entirely bare so as 
to permit its removal. As the flow increased too much to be 
held back by the pumping facilities available, the space below 
the bottom diaphragm was filled with concrete, as well as a 
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portion of the equilibrium-pipe. After this concrete had set, 
pumping was resumed; but it was clear that the inflow had not 
ceased, and must therefore come from the upper part of the 
cuvelage — ^a fact which had been suspected for some time. It 
was then decided to place nine additional rings, each 1.5 m. 
(4.9 ft.) high and in sets of three, on the top of the cuvelage. 
Each set of three rings was provided with guides, so that it could 
be accurately centered. The lowest set was provided with a 
shoe and lead gasket to fit on the top of the main cuvelage, 
and each of the two following sets had lead and rubber gaskets 
so as to make tight joints. These rings were successfully 
. lowered by means of hooks and rods. The space between them 
and the original cuvelage was then concreted, and after suflS- 
cient time had elapsed the shaft was again unwatered, this 
time with entire success. 



Sinking of the "Georg" Potash Shaft of the "Gewerk- 
schaft Grossherzog von Sachsen '\ 

This company owns ground adjoining the Kaiseroda and 
Bemhardshall properties. On January 12, 1898, a shaft was 
begun at Dietlas. 

The experiences of the neighboring mines indicated the 
probability of heavy inflows of water during the work, and 
large pumps were therefore installed, together with arrange- 
ments for boring the shaft, should it become necessary. 

The first water was encountered at 5 m. (16 ft.). The flow 
increased so that at 100 m. (328 ft.) it amounted to from 1.5 to 
2 cbm. (396 to 528 galls.) per minute, and between 117 and 
122 m. (384 and 400 ft.) to .7 cbm. (1648 galls.) per minute. 



Fio. 7. — Gewerkschaft Friedrich Franz. Tubbing-ring Standing Over Shaft 
ready to be Lowered. 
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It came from small crevices, which cut the Buntsandstein at 
an angle of about 70°. 

The shaft, 5.25 m. (17.2 ft.) in diameter, was lined from 
the surface down to 266 m. (872 ft.) with tubbing of the usual 
design, having machined flanges and lead packing, all furnished 
by Haniel & Lueg. At 190 m. (623 ft.) the main flow of water 
was practically cut off, but the tubbing was carried down to 
the full depth of 190 m., partly because a little water still 
entered, and also because the character of the ground made 
it desirable. Below 266 m. (872 ft.) the shaft was entirely 
dry, and from that point to the 340 m. (1115 ft.) level was 
lined with masonry 5.6 m. (18.4 ft.) inside diameter. At the 
last-named depth a diamond-drill hole put down to investigate 
the water-bearing strata showed that the dolomite formation 
was very wet, as was to be anticipated in the light of the ex- 
periences of neighboring mines. This decided the management 
to stop sinking by hand and to prosecute the work by the 
Kind-Chaudron system, the contract being given to Messrs. 
Haniel & Lueg. 

The shaft having been cleaned out, a pit 2.5 m. (8.2 ft.) in 
diameter was sunk in the bottom as a guide for the advance 
trepan. After completing the requisite surface equipment, 
boring was started March 21, 1901, with the small trepan. 
In the brittle shales first encountered, the work advanced 
rapidly, and the dolomite was reached in June, 1901, at a depth 
of 369.64 m. (1212 ft.). At first good progress was made in 
the dolomite, but it soon became harder and more fissured, 
occasioning breakages of bits and consequent delays. The 
dolomite was passed through by August 7, 1901, at a depth 
of 387.90 m. (1272 ft.), the shaft then entering blue clays and 
red marls, the latter full of anhydrite stringers. 
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Judging from the character of the formation, the manage- 
ment hoped to find a suitable bed for placing the moss-box at 
a depth of 400 to 410 m. (1312 to 1345 ft.). Drilling with 
the small trepan was therefore stopped October 20, 1901, at 
412.30 m. (1352 ft.). This work thus far had been unevent- 
ful, with the exception of some minor breakages of bits and 
rods. Moreover, but little rock had fallen from the walls of 
the shaft, most of it coming from the horizon of the brittle 
shales, which were found to be harder here than at Kaiseroda. 

Work with the large trepan, 4.96 m. (16.27 ft.) diameter, 
was begun on October 25, 1901, and progressed without diffi- 
culty until the dolomite was reached. Then breakages of 
the bits and caving of the shales became so frequent that it 
was decided to linG the 12 m. (39 ft.) of shaft immediately above 
the dolomite. A plate-iron casing, weighing 37,000 kg. (81,400 
lbs.), was lowered by rods and hooks, and ultimately suspended 
in the usual manner by four flat ropes. 

Boring was then resumed, and after numerous minor diffi- 
culties, due to the character of the rock, the dolomite was 
passed through in the latter part of September, 1902. One 
break in the drill-rods, which allowed thirteen lengths of rod 
to fall and jam in the shaft, caused six weeks' delay. After 
this, however, boring advanced with ease to a depth of 404.2 m, 
(1325 ft.), where it was finally stopped, March 15, 1903. Addi- 
tional sections of casing, 13.5 m. (44 ft.) in height, were put in 
place above those firat installed, in order to avoid all possi- 
bility of ground caving from the brittle shales, this work being 
completed March 25, 1903. The shaft was then carefully 
cleaned of all debris by means of the sludger. This was the 
more important, because during the drilling operations it had 
been repeatedly observed that much fine mud and sand came 
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in from the shaly strata, which it was feared might endanger 
the success of the proposed concreting. 

The work of assembling the moss-box and accompanying 
rings commenced April 15th, and the lowering of the cuvelage 
was begun in the night of May 7th to 8th. When the lower end 
reached the 284-m. (931-ft.) mark, a sudden increase in weight 
occurred, so that the threaded lowering-rods broke, allowing 
the entire cuvelage to drop about 120 m. (393 ft.). But the 
relation of the weight and displacement of the cuvelage was 
such that it settled slowly and came to rest on the bottom 
without shock; no damage was done, the cuvelage remaining 
intact in shape and perfectly water-tight. Although the 
increase in weight must have been caused by the influx of water, 
it was ultimately found that the false bottom, cover, and equilib- 
rium-pipe were all in good condition. The occurrence can be ex- 
plained only on the supposition that something must have 
happened to the inlet-valves of the equilibrium-pipe, although 
they also were found to be in proper order. When the cuvelage 
had settled into place, the accuracy of its position in the shaft 
was first determined, after which the work of concreting was 
begun. Unfortunately, the partial, temporary lining of the 
shaft was neither perfectly plumb nor round, as had been evi- 
denced by the rubbing of the large trepan and its guides, so that 
the concreting, the most important operation in the water- 
proofing of the shaft, could be carried on with only two buckets. 
Aside from this no events of importance were chronicled. 

Six weeks later, on July 14th, the work of unwatering was 
begun. At 135 m. (446 ft.) the inflow exceeded the pumping 
capacity, being 1.3 cbm. (343 galls.) per minute. It was sup- 
posed to come from below the moss-box and to ascend through 
th6 equilibrium-pipe. The water was very muddy and in- 
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creased to 1.45 ebm. (382 galls.) per minute, so that unwater- 
ing had to be discontinued July 17th. 

An attempt was then made to concrete the space below the 
false bottom and the lower portion of the equilibrium-pipe by 
running liquid cement down through an inner pipe inserted in 
the equilibrium-pipe. This work was completed on August 31st, 
in IJ days, 35,000 kg. (77,000 lbs.) of cement having been 
used. Four weeks later the shaft was unwatered without 
difficulty down to the cover of the cuvelage, which was then 
removed and hoisted to the surface on October 11, 1903. Un- 
watering was continued to the bottom and proved conclu- 
sively that the cuvelage was practically water-tight, only a few 
liters of water leaking into the shaft at places where the wire 
ropes which supported the temporary outside lining-rings pro- 
truded through the concrete walls. This leakage was obviated 
afterward by putting in a few more sections of cuvelage and 
concreting them above the older section. 

A valve was then attached to the steel bottom of the cuve- 
lage and the bottom drilled through inside the valve. A flow of 
80 1. (21 galls.) of water per minute was foimd, at a pressure of 
41 atmospheres, carrying much mud and some carbonic-acid 
gas. This proved that the concreting had been defective, 
and, as it would have been a difficult matter to remove the false 
bottom of the cuvelage with such a flow of water, particularly 
as an increase was to be anticipated, it was finally decided to 
try to make this part of the shaft water-tight by introducing 
cement as before. For this purpose the cuvelage was drilled 
through at a number of points and considerable water drawn 
off. As a rule the water was very muddy, and at some of 
the openings thick mud was forced out. Usually the material 
consisted simply of clay, in some cases of argillaceous lime of 
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impalpable texture, again of clay and cement mixed. Large 
amomits of it were thus tapped off, besides what was carried 
in the water itself and what had been found originally on the 
cover of the cuvelage. 

As everything possible had been done to clear the shaft of 
debris before the cuvelage was lowered, it was plain that these 
new accessions of mud must have been either in suspension or 
dissolved in the water as carbonates. The concreting had of 
course introduced a certain^ amount of heavy slimes, which 
carried down mechanically a part of the suspended matter; and 
the lime in the cement probably caused a chemical precipitation 
of a portion of the carbonates by taking from them carbonic 
acid. Thus only can the presence of such considerable amounts 
of fine slimes be explained. The quantity of this material 
may be estimated from the fact that on drilling through the 
cuvelage-walls it appeared that in the lower horizon, where the 
cement-buckets had passed, two solid colimms of concrete had 
been formed, and consequently no water was tapped through 
these holes. But in the space between these two columns and 
over the entire remainder of the circumference mud and water 
were very much in evidence. The drainage-ditches on the 
surface which carried the water off to the Felda were so filled 
vf ith mud that the river itself was polluted. It is quite evident 
that these conditions prevented the concreting from com- 
pletely fulfilling its purpose. 

We have now to return to the mode of introducing liquid 
cement. After allowing the mud and water to run from the 
various tap-holes until the inflow was quite clear, liquid cement 
was forced from the surface, through a 30-mm. (1.17-in.) pipe, 
into the spaces behind the cuvelage until no more would enter. 
The plan followed was to seek out the accumulations of mud 
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behind the lower part of the cuvelage, clear them out and 
flush in cement to replace the mud. This work was completed 
November 23, 1903, after some 40,000 kg. (88,000 lbs.) of 
cement had been introduced. When the cement had set the 
false bottom was removed, and that the operations had been 
entirely successful was shown by the fact that only some 2 1. 
(J gall.) per minute leaked into the shaft from beneath the 
moss-box. The false bottom was raised to the surface Decem- 
ber 30th, and the work of rendering the shaft water-tight finished 
about the middle of January, 1904, by the successful installa- 
tion of the connecting tubbing-rings, down to the coal under- 
lying the dolomite. 

The work at this shaft was particularly interesting, as it 
is the deepest thus far sunk by these means, the lower edge of 
the connecting tubbing being 407 m. (1335 ft.) below the sur- 
face. It demonstrated, also, that the method can be success- 
fully appHed even under such adverse circumstances as were 
brought about by the accumulation of mud, since the flushing 
in of cement affords a satisfactory means of remedying any 
defect in the original concreting. 

Shaft-sinking at the Ronnenberg Potash-mines, in 

Hanover. 

In the third part of this work the sinking of the Ronnen- 
berg shaft by the freezing process is described in detail. The 
process had to be abandoned, however, after the hard gypsum 
had been reached, at a depth of 125 m. (410 ft.), because of a 
sudden inflow of water. As at Benthe-Wallmont, the applica- 
tion of the boring system was rendered difficult, because the 
lower part of the shaft, from 105.4 (346 ft.) to 125 m. (410 ft.), 
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was only temporarily lined. It became necessary, therefore, 
to keep the freezing-plant going for some time, and to guard 
against rock falls in this part of the shaft by a provisional plate- 
iron lining. Much time and money mi^ht have been saved if 
the tubbing had been suspended from the wedging-crib above 
and had been kept up close to the work as it advanced. The 
advantages accruing from suspending the tubbing have been 
presented clearly in the first part of this essay, in describing 
the work at the Zollem and Emscher-Lippe shafts. The 
author has for years advocated this plan, in connection with 
the Poetsch as well as other methods of sinking, but thus far 
without result. 

Inrthe case under consideration the water broke through at 
a depth of 125 m. (410 ft.) on November 29, 1901. By the 
middle of December the bottom of the shaft had been con- 
creted to a depth of 8 m. (26 ft.) and then filled with gravel 
to the 111.5-m. (365-ft.) point. After testing the shaft with 
a template, more gravel was filled in to 104.5 m. (342 ft.) below 
the collar, and a vigorous attempt made, between January 21st 
and March 8, 1902, to check the inflow of water by freezing. 
Unwatering was then successfully accomplished down to the 
top of the gravel, but on March 24, 1902, another inrush oc- 
curred, flooding anew the entire shaft. 

The freezing process was now definitely abandoned and prep- 
arations were begun for boring. The work of securing the 
lower part of the shaft, which as yet had had no permanent 
* lining, was started July 29, 1902, by putting in a plate-iron 
casing. By November 11, 1902, the concrete in the sump 
was bored through, and a second casing was installed between 
November 12 and December 9, 1902. 

Boring was begun December 10th. The casing referred to 
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above was allowed to follow the trepan down, undercutting of 
the shaft walls bemg frequently necessary to facilitate its de- 
scent. The work, which was Interrupted but little and that 
only by minor breakages of the trepans and rods, was stopped 
on July 8, 1903, in order to put in a third plate-casing. The 
advance trepan was then at a depth of 156 m, (511 ft.) and the 
full section at 151 m. (495 ft.). 

In the latter part of July, a diamond-drill hole was started 
in the shaft-bottom to ascertain the character of the underlying 
formation and the quantity of water to be expected. This 
prospecting, which was satisfactorily finished by the latter part 
of September, indicated that the best place for the moss-box 
of the cuvelage would be at 185 m. (607 ft.) below the collar 
of the shaft. 

Boring operations were then resumed and proceeded with, 
there bemg no more serious delays than those caused by bro- 
ken trepans and rods. In one case, when the large trepan had 
broken from the rod, it dropped 30 m. (98 ft.) after having been 
successfully grappled, and while being hoisted to the surface. 

On January 22, 1904, the advance bore was stopped at 
193 m. (633 ft.), and on February 16th the enlargement was 
finished at 183.68 m. (602 ft.). After the requisite preUmin- 
aries the cuvelage was begim February 26th and successfully 
completed on March 24th. Concreting the cuvelage occupied 
the time from March 30 to April 23, 1904, the lower part of the 
concrete being made of magnesia cement and the upper of ^ 
Portland, according to whether the shaft-walls were in rock- 
salt or not. Unwatering the shaft was begun early in June, 
and the cuvelage was found to be perfectly water-tight; so 
that the connecting tubbing below the moss-box was promptly 
installed and the shaft turned over to the Ronnenberg Company. 
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Shaft-boring and Lining with Cuvelage at Great Depths. 

Of late years several shafts have been sunk to depths of 
600 m. (1968 ft.) or more, and it seems unquestionable that 
cases will arise in which sinking by boring will have to be 
resorted to even for such great depths as these. 

The thickness of a cast-iron lining 4.4 m. (14.4 ft.) in 
diameter, for a depth of only 400 m. (1312 ft.) and allow- 
ing for a crushing strain of 800 kg. per square centi- 
meter (about 11,350 lbs. per square inch) would be 110 mm. 
This is a very great thickness, and in fact 110 to 125 mm. 
(4.29 to 4.87 ins.) is at present the maximimi thickness 
obtainable with safety under present methods of manufac- 
ture, aside from the fact that such rings are so heavy 
as to render their transportation a matter of much dif- 
ficulty. The allowance of a greater breaking strength than 
800 kg. per square centimeter is scarcely safe, and no 
advantages accrue from the use of cast steel, as it and cast 
iron have about the same ultimate crushing strength. For 
greater depths, therefore, it becomes necessary to reduce the 
diameter of the cuvelage if the rings are to be of reasonable 
thickness. But any great reduction is impossible, because, 
beyond a certain minimum cross-section, the shaft would be 
too small for the necessary hoisting and pumping equipment, 
for airways and the transportation of men and material. 

Tomson, the general manager at Dahlbusch, near Gelsen- 
kirehen, suggested * for the two shafts of "Georg-Marien 
Hutte" at Werne, which were each 580 m. (1902 ft.) deep, 

* Article by Bergassessor L. Hoffmann, Gluckauf, April 27, 1901. 
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that in case boring became necessary a diameter of 5.8 m. 
(19 ft.) should be adopted, and that in this cross-section two' 
cuvelages each of 2.5 m. (8.2 ft.) inside diameter and two of 
1.65 m. (5.4 ft.) diameter be placed, the spaces between them 
being concreted. It was intended that the larger compart- 
ments be used for hoisting, the smaller to serve respectively 
for pumping and handling of men and material. The 'walls 
of the 2.5-m. (8.2-ft.) compartments (measuring 2.9 m. or 965 ft. 

145 58 
ovef all) at 580 m. (1902 ft.) depth would be -57^=105 mm. 

(4.1 ins.) thick, or quite within feasible limits. This proposal 
of Tomson's (under German patent No. 99,687) was not tried 
at Werne, however, as boring proved imnecessary and sinking 
was completed by hand to the coal-measures. 

Instead of diminishing the diameter of the cuvelage until 
its thickness becomes practicable, the author has suggested the 
use of two concentric linings, the annular space between the two 
being filled with compressed air, water under pressure, or con- 
crete. Assuming that each cylinder will safely withstand an 
outside pressure oiF 30 atmospheres, and that the space between 
them be filled with air at this pressure, they would serve for a 
depth of 600 m. (1968 ft.). Aside from the facility with which 
these rings could be cast, the use of two concentric cylinders 
would reduce the difficulties of lowering them, as the weights 
to be handled would be far less than for a single cylinder, de- 
signed for the same depth and diameter. As an example may 
be cited the case of a shaft 600 m. (1968 ft.) deep, with a cuve- 
lage 4.1 m. (13.4 ft.) clear diameter and rings 1.2 m. (3.9 ft.) 
high. The lower rings would have to be 180 mm. (7 ins.) 
thick; each weighmg 30,000 kg. (66,000 lbs.), and the weight 
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of the moss-box alone would be nearly 100,000 kg. (220,000 
lbs.). 

The process of lowering the cuvelage is as follows : Upon a 
scaiBfolding erected above the water-level in the shaft the moss- 
box and false bottom are put together. The first ring is then 
bolted to it and the lowering-rods attached, from which the 
moss-box and ring are suspended. The scaffolding is removed 
and the cuvelage lowered so that about 0.5 m. (1.6 ft.) still 
stands above the surface of the water. In this position 28,- 
000 kg. (61,000 lbs.) of water will be displaced, so that only 
some (100,000 + 30,000) -28,000 = 102,000 kg. (224,400 lbs.) 
remain suspended from the rods. The displacement due to a 
ring 4.1 m. (13.4 ft.) diameter and 1.2 m. (3.9 ft.) high is 18,000 
kg. (39,600 lbs.), and as such a ring weighs 30,000 kg. (66,000 
lbs.), each additional ring will increase the strain on the rods 
by 30,000-18,000 = 12,000 kg. (26,400 lbs.). Although the 
weight will of course be somewhat reduced by diminishing the 
thickness of the upper rings, it is readily seen that the weight 
of such a cuvelage would soon become too great to be sup- 
ported by a set of lowering-rods of any reasonable size. 

By adopting double cuvelages the individual rings will be 
but half as thick, and consequently only one half as heavy. In 
this case the moss-box, false bottom, and outside rings are first 
lowered. The weight of water displaced by each ring is as 
before 18,000 kg. (39,600 lbs.), and the weight per ri'ng being 
only 15,000 kg. (33,000 lbs.) each additional one put in place 
and lowered reduces the strain on the rods by 18,000—15,000= 
3000 kg. (6600 lbs.). This reduction in weight increases as 
the upper rings with their smaller thickness are lowered, so 
that the rods are soon relieved of all strain and the cuvelage 
floats in the shaft. 
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In deep shafts it thus becomes possible that the excess of 
buoyancy, which heretofore has always been overcome by 
admitting water inside the cuvelage, will suffice to support the 
weight of the second or inner cylinder. Therefore the in- 
stallation of the latter may be commenced at the moss-box, 
and continued upward coincidently with the erection of the 
outside rings, as the increase in buoyancy may permit. After 
the inner cuvelage has reached the requisite depth, its top 
is closed and the space between it and the outer cuvelage tem- 
porarily filled with air compressed to such degree as may be ren- 
dered necessary by the external pressure on the lining. The 
outer cuvelage may then be carried to its full height and 
lowered into place without risk. Finally the compressed air is 
replaced by water and the space between the walls of the shaft 
and the outer cuvelage may be concreted. When the shaft 
is completed the water in the annular space between the cuve- 
lages must stand sufficiently high to relieve the outer cylinder 
of undue pressure, imless concreting of this space be preferred. 

Naturally, for unusually deep shafts, the cuvelage under 
these circumstances will be very high and may considerably 
exceed the length really necessary for rendering the shaft water- 
tight. In such cases the outside cuvelage will be concreted 
only as far as may be necessary, and the superfluous rings 
removed. 

When only a short double cuvelage is required in a deep 
shaft, the following method is advantageous: Fpr sinking the 
outside cuvelage, provided with false bottom and top, the usual 
method is employed, except that the cylinder is filled with com- 
pressed air. This may be done by means of a pipe-line attached 
to one of the lowering-rods, the pressure being increased as 
depth is attained so that it constantly corresponds to one half 
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of the outside pressure. When the cuvelage reaches the bottom 
the air is replaced with water and the outer space concreted 
BS usual. The cover of the cuvelage, which is so designed 
that it can be removed under water, is then raised to the surface 
and the equilibrium-pipe taken out. The bottom is then 
either bored through, and the inner cylinder, similarly equipped 
with false bottom and top and filled with compressed air, 
lowered into place, or else the bottom is left intact and the inner 
cuvelage lowered upon it. 

The best method of placing such cuvelages depends largely 
on their length, and is a question to be decided in each case. 
It may be remarked incidentally that these methods were 
designed by the author, and are patented in Germany under 
No. 125,789, by Haniel & Lueg. 



Cuvelages of Sectionalized Rings, Lowered Without the 

Aid of Buoyancy. 

The author has recently revived the idea of using section- 
alized rings for lining shafts. The assistance of buoyancy in 
lowering the cuvelage is then no longer available, as it is im- 
practicable while sinking to calk the joints sufficiently well 
to be sure of excluding all water. But, when feasible, many 
advantages can be secured by adopting this plan. In the first 
place, the diameter of shafts could be increased beyond the 
present 4.1 m. (13.4 ft.), as limited by questions of railway 
transportation. Secondly, shafts of any diameter and depth 
could be sunk by boring, as it would be possible to start with 
any desired size and to place within one another such a number 
of cuvelages as would withstand whatever pressure might be 
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involved. The method of procedure, patent for which has been 
applied for by the author, is explained below. 

To carry out this plan, in accordance with which the rings 
must be lowered under water singly or in sets of reasonable 
size, and then bolted together, two problems must be solved. 

The first and most important point is that the lowest rings 
shall be placed exactly concentrically in the bottom of the 
shaft, and that their flanges be exactly horizontal. They can 
be centered by means of vertical guides firmly fixed to the 
shaft-walls. But their horizon tality cannot be assured by 
allowing them simply to rest on the bottom of the shaft, as that 
is neither necessarily horizontal nor always free from sand 
or pieces of fallen rock, the presence of either of which would 
tilt the rings and deflect the cuvelage from the vertical so that 
it would come in contact with the walls of the shaft. The 
author consequently proposes that the lowermost section of 
cuvelage be first suspended near the bottom of the shaft in an 
exactly vertical position, by a special yoke and hook attached 
to the boring-rods, and that when all oscillation has ceased 
concrete be filled in around the rings, thus holding them firmly 
in position. After removing the lowering-hook, the next set 
of rings is lowered and put in place, and so on. The coincidence 
of the axes of the successive sections is readily secured by the 
vertical guides already mentioned. Of course the horizontal 
flanges cannot be bolted together under water. This work is 
postponed until the shaft is being unwatered. A suspended 
scaffold is lowered, from which each flange-joint is bolted and 
calked as it appears above water. 

The second problem is the temporary calking of the hori- 
zontal joints of the sections while the cuvelage is being built 
up under water. This is accomplished by placing a lead packing- 
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ring between the flanges, which in the final work can be driven 
home and rendered perfectly water-tight. The lead is supple- 
mented by a packing of some more elastic material, which will 
last during the period of construction and be rendered water-tight 
by the weight of the rings and pressure of the water. The best 
kind of supplementary packing is a rubber ring lying in a 
groove of triangular section. A more minute description of the 
various details necessary to insure the success of this procedure 
may be omitted here, and it may be assumed that the cuvelage 
has been completed to the desired height. As the moss-box 
and false bottom and top are unnecessary, concreting in the 
usual manner would follow immediately. 

After the concrete has set the shaft is pumped out, and at 
the same time the horizontal flanges calked permanently and 
bolted together. The rings as furnished by the iron-works are 
provided with bolt-holes on one flange only, as it would be 
impossible to place the rings in the shaft with sufficient accuracy 
to bring the bolt-holes exactly over each other. The holes in 
the other flange are made by electric drills operated from the 
suspended platform. 

In the absence of false bottom and top there is nothing to 
prevent immediate resumption of sinking on completion of the 
cuvelage. And as there is no moss-box, the customary con- 
necting-tubbing rings would usually be considered superfluous, 
although to insure success in excluding the water they are still 
frequently used. In employing this method, it is immaterial 
whether the cuvelage extends to the shaft-collar or ends under 
water. If necessary for shafts of great depth it is entirely 
feasible to put one cuvelage inside another, according to the 
author's patent, No. 125,789, as already described. The outer 
cuvelage is first installed and concreted; the inner is then 
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lowered and the space between the two filled with water or 
concrete. 

As soon as this method shall have been satisfactorily tested 
it will undoubtedly greatly extend the use of the Kind-Chaudron 
system of sinking, as the sizes of shafts will no longer be limited 
to the relatively small diameters which hitherto have been 
great drawbacks to the adoption of the boring system. For 
very deep shafts in wet ground the improvements covered by 
the above-mentioned patent are of the greatest importance, 
because boring is alone applicable below a certain depth, 
the freezing method being out of the question, for certain rea- 
sons to be discussed hereafter. 

Improvements have progressed rapidly in the various lines 
referred to, and the numerous difficulties encountered in each 
case have always been successfully overcome. The subjoined 
list of shafts sunk by the Kind-Chaudron method shows not only 
that it has frequently been used, but also that it has always 
been successful, even under the most trying conditions. It 
is worthy of note also that boring has usually been applied only 
as a last resort, for which reason but a relatively small portion 
of each shaft has been sunk by this system, and that this 
particular portion has been almost invariably that in which 
the maximum difficulty was encountered. For these reasons, 
in comparison with other systems of sinking, the boring method 
often appears in a very unfavorable light as regards speed of 
advance and cost. But it is manifestly unfair, as regards cost, 
to compare a method which leads to success, even under the 
most adverse circumstances, with others which have failed 
under the same conditions. It would be equally just to make 
comparisons between speed and cost of two shafts put down 
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by hand, one with, say, 10 cbm. (2640 galls.) of water per 
minute and the other entirely dry. 

In many cases, when it is foreseen that a part of the shaft 
will have to be bored, it would be better to start with the 
Kind-Chaudron system before the obstacles to sinking by hand 
become insuperable. The work of boring would then begin, 
at least, under fair conditions; it would progress rapidly, giving 
a good average advance, and allow of distributing the large 
initial expense of plant, etc., over a greater depth of shaft. 
Such a policy would reduce the expenditure — ^usually very 
large — which, as a rule, is wasted in trying by other means to 
force a way through the last difficult strata before finally re- 
sorting to boring. It would probably be found in the end that 
a larger part of the shaft could have been more cheaply and 
quickly completed by boring than by the means actually em- 
ployed, simply because sinking operations in very wet ground 
are slow and costly when conducted by ordinary methods, 
whereas after the boring-plant is once installed, the actual run- 
ning expenses are very moderate. 
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III. 



THE FREEZING PROCESS. 

Readers of the preceding chapter on shaft-sinking by- 
boring may have been impressed by the radical views advanced 
and the audacity of some of the processes described. The 
subject can be properly appreciated, however, only by con- 
sidering the state of affairs preceding the development of these 
methods. At that time shaft-sinking in hard rock, when the 
inflow of water was too great to be raised by pumping, was 
practically hopeless. Great interest was therefore excited by 
Kind's proposal to bore a shaft under water in its full cross- 
section, in exactly the same manner as a prospecting drill- 
hole is put down, and, while still under water, to install a water- 
tight cuvelage after the smking had reached its total depth. 
Such shafts, as already stated, are now sunk to depths as great 
as 400 m. (1312 ft.). In the early history of the process the 
shafts were lined with wooden tubbing, but with very uncer- 
tain results. Chaudron first suggested cast-iron cuvelages, 
together with the epoch-making method of lowering them into 
place, which has become a striking and permanent feature of 
shaft-sinking by bormg. To the joint efforts of Kind and 
Chaudron, associated in the ''Soci6t6 Anonyme de Foncage 
des Puits Kind-Chaudron '\ is due the remarkable success, m 
so short a time, of perfecting a' system which has never yet 
failed. 
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In the more recent freezing system an equally bold and 
original idea was developed. F. H. Poetsch, who brought out 
the method in 1883, was not the first in the field, however, as 
a small shaft had been sunk in Wales in 1862 by alternately 
freezing the ground with coils of refrigerating-pipe and ex- 
cavating the frozen material in small sections. A similar 
method has been and is still employed in Siberia, where the 
rigor of the climate is utilized by allowing the shaft-bottom 
to freeze time after time and excavating the frozen soil. In 
this way shafts are sunk in sand to depths of 24 m. (79 ft.), 
though they are usually much shallower. Similar means are 
employed, also, in sinking through the water of rivers. A 
wooden crib or coffer-dam is sunk in the autumn, and secured 
inside and out by broken stone. During the winter the frozen 
material inside the crib is excavated in sections until the 
bed of the river is reached. 

Those interested in the early history of the freezing process 
will find many details in the article by F. Schmidt of Paris, 
printed in the ''Zeitschrift für die gesammte Kälteindustrie'', 
in 1898 (R. Oldenburg, publisher, Munich), and entitled ''The 
Utilization of the Freezing Process in Mining Operations". 

This process is applicable to soft and unstable ground, 
containing large quantities of water, in which ordinary hand- 
sinking cannot be carried on. The watery soil is frozen sohd. 
and thus made impermeable, after which the shaft is sunk by 
drilling and blasting. 

The original Poetsch process, which remains essentially 
unchanged, consisted in sinking a series of pipes somewhat 
Outside of the circumference of the proposed shaft, and then 
circulating through them a freezing solution. A cylinder of 
frozen ground of gradually increasing diameter is thus formed 
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around each pipe. As the pipes are usually not more than 
80 to 100 cm. (31 to 39 ins.) apart, the columns of frozen 
material soon come into contact and overlap one another, thus 
forming a continuous cylindrical wall of ice. By continuing 
the freezing the thickness of the wall will increase, until the 
entire mass is frozen solid to the center. Interesting details 
concerning the process are included in the essay of F. Schmidt, 
already cited. 

On completing the freezing, sinking is started by hand- 
work, even light blasts being admissible. Earlier attempts to 
sink by thawing the core of the frozen mass with steam have 
never been seriously considered. The frozen condition of the 
material is not particularly obstructive to the work of sinking, 
except that in some cases the drilling of holes for blasting is rather 
difficult. Sinking is usually carried on in sections, each section 
being lined with masonry, or for considerable depths, with 
tubbing. The annular space between the lining and the frozen 
ground was formerly filled with slack coal as a non-conductor, 
then dry concrete was used with the idea that it would become 
wet and set as the ground thawed out; and later still, in 
order to secure rapid setting, wet concrete mixed with alkalies 
has been employed. The junction with the hard, impervious 
ground below is usually accomplished by walling- and wedging- 
cribs. The method has had many successes and also numerous 
failures, the latter due in part to inexperience in conducting 
the work, in part to the general ignorance concerning the 
factors controlling the applicability of the process, which could 
only be determined by trials at various places and under dis- 
similar conditions. 

The maximum limit of depth depends somewhat on phys- 
ical and various local conditions, which cannot yet be clearly 
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defined in any general terms. Recent researches in physics 
have shown that the limiting forms of body of various sub- 
stances are by no means so well defined as was originally sup- 
posed. For instance, solid bodies, even rocks, may under pres- 
sure be brought to a plastic state and caused to flow, or change 
their form, without losing their nature or physical identity. 
Observation of such facts has given rise to various mechanical 
processes, such as the drawing of pipes (particularly lead pipe), 
which is accomplished by the co-operation of heat and pressure. 
Nor is ice an absolutely rigid body; on the contrary, it becomes 
plastic at comparatively small pressures and can be caused to 
change its shape without the preliminary pro€fess of thawing. 
Some years ago the author showed that by a pressure of 20 
atmospheres pure ice at — 20° C. could be run into solid rods, 
through quite small openings. This means that a mass of 
ice at a depth of 200 m. (656 ft.) would be as plastic as 
clay, and could no longer retain its form or place without 
support. 

IJaturally the conditions of plasticity would require much 
greater pressure (or depth below the surface) if the frozen 
material were not pure ice, but a mixture of water and clay or 
sand, in which the internal friction between the constituent 
particles would be greater and the pressure necessary to pro- 
duce flow much higher. The same would be true when small 
areas or masses of pure ice fill cavities or fissures in hard ground. 

It is a well-known fact that the freezing-point of water is 
lowered by dissolving soluble salts therein. The freezing-point 
drops more or less according to the kind and amount of material 
dissolved, and the ice formed is less compact and softer than 
pure ice. Evidently, when under pressure the plasticity of 
such ice is much greater than when pure. It is also well known 



THE FREEZING PROCESS. 101 

that, as the temperature falls, the hardness of all bodies in- 
creases rapidly as the point of solidification is approached, and 
that the rate of such increase in hardness diminishes as the 
temperature of the substance becomes lower. 

There is no reason to believe that ice forms an .exception to 
this general rule governing nearly all substances, but that it 
also passes on melting through a softening process. It may 
therefore be assumed that physical conditions will not be ma- 
terially altered by the adoption of low^er freezing tempera- 
tures, and I am consequently of the opinion that the hopes based 
on the so-called low-temperature processes have but slight 

basis. From the above considerations it is clear that attempts 
to adopt the freezing process for great depths must be made 
with caution, because there is in all cases an ultimate depth 
below the surface which distinctly limits its sphere of useful- 
ness. 

The deepest shaft planned to be sunk by the freezing pro- 
cess is that of Schieferkaute, which will have to be frozen to a 
depth of 240 m. (787 ft.). The general conditions are favorable, 
as a firm and compact argillaceous sand carrying but little water 
is the lowest bed to be frozen. Although the material to be 
traversed will be hard and compact it is quite likely that some 
valuable conclusions as to the ultimate applicability of the 
freezing method may be reached. As Haniel & Lueg have the 
contract for this work, the author will be afforded opportunity 
for investigating further the matters discussed above. 

The freezing system has found its most frequent applications 
in Germany and France, and it is in the latter country that it 
has been employed for the greatest depths. The earlier details 
of the method may be omitted here, as they are of historical 
interest only. They have been elaborately described in Schmidt's 
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essay, so that we shall confine ourselves to such of the modem 
developments as are of practical unportance. 



Shaft-sinking of the Gewerkschaft ''Hansa Silberberg", 
AT Empelde, near Hanover. (Plates XII and XIII.) 

Two bore-holes were sunk which showed the following strata : 

• 

Surface soil 0.0- 2.0 m. ( - 6.5 ft.) 

Quicksand 2.0- 2.5 m. ( 6.5- 8.2 ft.) 

Clay 2.5- 16.0 m.( 8.2-52 ft.) 

Quicksand 16.0- 22.0 m. ( 52 -72 ft.) 

Lignite..., 22.0- 24.0 m. ( 72 -79 ft.) 

Quicksand 24.0- 34.0 m. ( 79 -111 ft.) 

Gravel 34.0- 46.0 m. (Ill -151 ft.) 

Clay and sand 46.0- 80.0 m. (151 -262 ft.) 

Gypsum 80.0-133.0 m. (262 -436 ft.) 

Rock-salt 133.0 m. (436 ft.) 

The dip of the strata averages 40"^ and the drill-holes proved 
conclusively that many difficulties might be anticipated. 

Ground was broken on November 7, 1896, and work started 
with a masonry drop-shaft provided with a cast-iron shoe 8.95 
m. (29.35 ft.) outside diameter. The shoe was of the usual 
design, well bolted together and fastened to the masonry of 
the shaft. The drop-shaft was somewhat tapered and sheathed 
with planed planking on the outside to reduce friction in sink- 
mg. It was sunk to a depth of 12J m. (41 ft.) and stopped in 
the clay seam. Under it was built a masonry footing, in which 
the anchoring for the base-ring of the hydraulic jacks was em- 
bedded. An inner lining was then installed, in the upper part 
of which was set the pressure-ring for the jacks. This ring was 
connected with the lower anchoring by means of 30 iron rods, 
each 65 mm. (2.5 ins.) in diameter. The inner masonry lining 
was then continued to the surface. Ten vertical I beams, of 
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standard cross-section (German No. 15), each 6 m. (20 ft.) 
long, were built into the inner surface of the drop-shaft, leaving 
a net inside diameter of shaft of 5.9 m. (19.35 ft.). These I 
beams were to serve as guides for the iron drop-shaft, the 
first ling of which, after the completion of the above prelim- 
inaries, was put in place in the bottom of the excavation. The 
outside diameter of the iron drop-shaft was 5.84 m. (19.15 ft.), 
inside diameter 5.5 m. (18. ft.); each ring consisting of 10 sec- 
tions, 1.5 m. (4.9 ft.) in height. The cast-steel shoe was 5.86 m. 
(19.21 ft.) in diameter at the cutting edge. Thirty, hydraulic 
jacks, each of 100 tons capacity, were used to force down the 
drop-shaft. They were operated from a suspended platform. 

Excavation was carried on by means of the well-known 
sack-borer, provided with hollow rods, terminating above in 
a heavy section of rod, to which the customary operating 
machinery was connected. The borer w^as not provide^ with 
bags, being used merely to loosen the ground, which was then 
raised to the surface by means of a Priestman dredge. 

Down to a depth of 25 m. (82 ft.) the iron drop-shaft sank 
by its own weight, farther advance being effected by means of 
the jacks. When the shoe reached a depth of 37 m. (121 ft.) 
it became impossible to force it any lower, notwithstanding that 
the shaft bottom was" undercut by means of the borer, and 
the top of the shaft loaded with a weight of 2500 tons. Several 
abortive attempts resulted only in a break, which caused the 
shaft to settle out of plumb. 

Work was then started to sink another inner drop-shaft, 
measuring 4.5 m. (14.76 ft.) in the clear. This also had a 
steel shoe and was built of 10-section rings, 70 mm. (2.73 ins.) 
in thickness. The pressure-ring for the jacks was correspond- 
ingly reduced in diameter and work continued as before. The 
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shoe of this shaft was successfully sunk to a depth of 62 m. 
(203 ft.). There the shaft stuck fast, and after many futile 
attempts to force it farther it was decided to continue sinking 
by hand. A mass of concrete, 1.5 m. (4.9 ft.) in depth, was 
placed in the bottom and the shaft pumped out. The upper 
portion of the ruptured lining was then calked and reinforced, 
and several test drill-holes put down through the concrete. 
They showed that one third of the sump area was underlaid 
by quicksand and two thirds by clay, to a depth of 6 or 7 m. 
(19.7 to 23 ft.) below the concrete, i.e., as far as the holes were 
drilled. 

This precluded sinking by hand, so that it was decided to 
adopt the freezing process, and a contract for the work was let 
to the firm of L. Gebhardt of Nordhausen. Fourteen freezing- 
pipes were simk inside of the last 4.5-m. (14.76-ft.) drop-shaft, 
in a circle 4.15 m. (13.6 ft.) diameter, and to a depth of 56 m. 
(184 ft.) below the shaft bottom, or 115 m. (377 ft.) from the 
surface. 

It was planned to sink an advance shaft in the frozen 
ground to the 115 m. (377-ft.) level, and there enlarge the exca- 
vation suflSciently to put in a wedging-crib, 4.5 m. (14.76 ft.) 
in the clear, i.e., of same diameter as the second drop-shaft. 
Then the frozen material was to be cut out upwards by stages, 
and tubbing put in place outside the circle of freezing-pipes 
as the work advanced. This plan was based on the assumption 
that, after stopping the ice-machine, the frozen ground would 
stand long enough to permit the completion of the work. It 
was adopted in order to save time and the expense of a large 
number of freezing-pipes. Had the pipes been sunk from the 
surface, outside of the circumference of the shaft, 26 instead 
of 14 would have been required. For these pipes it would 
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have been necessary to drill 26X115=2990 m. (9807 ft.) in- 
stead of the 14X56=784 in. (2571 ft.) as proposed. The sav- 
ing in cost of 2206 m. at 45 marks per meter would be 99,270 
marks ($24,818). The sinking of the freezing-pipes inside the 
shaft was not so easy as had been anticipated, but to have 
started them from the surface would have required more piping, 
and the passage through the bed of gravel lying between 36 
and 45 m. (118 and 147 ft.) promised to be difficult. 

The old bed of concrete in the shaft-bottom having been 
cracked in drilling the test-holes, an additional 1.5 m. (4.9 ft.) 
of concrete was deposited upon it. An annular cast-iron box 
crib, 3.5 m. (11.5 ft.) inside diameter, was then put in as a 
template for the 14 bore-holes; flanged guide-pipes 6 m. (19.7 
ft.) long were bolted to the template, which was then covered 
with 1 m. (3.28 ft.) of concrete. Six of the pipes were con- 
tinued clear to the surface, the others being closed with caps. 
In four of the pipes reaching the surface, boring for the freez- 
ing^pipes was begun. On completing these the stand-pipes 
were shifted for another set of holes imtil ^ had been bored. 
At first one boring-machine was used, but afterward two. It 
was originally intended to close the lower ends of the freezing- 
pipes and lower them into the bore-holes without putting in 
casing, but the presence of sandy strata at 95 to 100 m. (312 to 
328 ft.) made it necessary to case the holes. The freezing- 
pipes purchased were therefore utiUzed as casing by leaving 
them open at the bottom. The pipes actually used for freezing 
were 128 mm. (5 ins.) outside diameter and 110 mm. (4.29 ins.) 
inside by 5 m. (1.64 ft.) long, jomed by screw-couplings and 
tested for a pressure of 25 atmospheres. Their lower ends 
were left open, as some of them had to be sunk with the aid 
of water-jets. They were ultimately closed by special cast-iron 
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plugs which were screwed into place from the surface by the 
use of long rods. 

Each casing was pulled out after a freezing-pipe had been 
lowered into the guide- or stand-pipe, which reached to the sur- 
face, and steps were taken to pack the freezing-pipes in the lat- 
ter. This was done by lowering conical cast-iron rings, covered 
with rubber packing, around each freezing-pipe and into the cor- 
responding hole in the cast-iron guide-plate already mentioned, 
which holes tapered downwards. Then two conical lead rings, 
fitting closely into each other, were put in position and rammed 
tight around the freezing-pipe. Finally, all the guide-pipes 
were removed, together with the continuations of the freezing- 
pipes above the point where the connections for the distribu- 
tion of the freezing solution were to be installed. For additional 
safety a stuffing-box was screwed on top of each guide-pipe, 
thereby rendering all the freezing-pipes doubly secure against 
leakage. At 42 m. (138 ft.) below the surface two annular 
conduits, one for the introduction of the freezing solution, the 
the other for conveying it away, were put in place and con- 
nected up respectively with the inside and outside freezing- 
pipes. From these conduits pipes led to the refrigerating-plant 
on the siu-face. The details of the shaft and piping are given 
on Plate XIII, which shows the equipment as it was at the 

end of 1901. 

The refrigerating-plant was an ammonia machine, working 

on the Linde system. It consisted of a 500 mm. by 1000 nmi. 
(19.5X39 ins.) single-cylinder steam-engine, connected to the 
compressor through the fly-wheel shaft and driving the aux- 
iliary apparatus by beltmg. There were two condensers and 
two refrigerators, respectively 1.8 and 2 m. (5.9 and 6.56 ft.) 
in diameter by 3 m. (9.84 ft.) high; also a pumpof 70cbm. 
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(18,480 galls.) capacity per hour for circulating the solution, 
and an apparatus for removing oil from the anmionia gas. A 
solution of magnesium chloride was the freezing medium used. 
Plate XII is a plan of the equipment. 

The plant was started May 21, 1899. On June 18th the 
work was interrupted by the bursting of the freezing-pipes one 
after another, so that the solution, at a temperature of 21° C, 
leaked out into the surrounding soil. The inner or feed pipes 
were therefore removed and the damaged pipes lined with 
others, in each of which a special feed and return pipe were 
placed. These are shown in the middle figure of Plate XIII. 

After starting the plant again, actual sinking was com- 
menced August 1, 1899. The concrete bottom was pierced 
and the soil found to be well frozen. As sinking advanced 
the walls were lined with beech sheathing, 25 mm. (1 in.) thick, 
held in place by flat iron rings, 3.45 m. (11.3 ft.) clear diam- 
eter, suspended one from another 1 m. (3.28 ft.) apart by rods 
and hooks. Compressed powder was used as explosive, and, 
at a daily advance of 3 to 4 m. (10 to 13 ft.), a depth of 78 J m. 
(257 ft.) was reached on September 14, 1899. At that point 
water commenced to percolate through the bottom of the 
shaft. While the origin of this inflow was under investigation, 
a flood of 40 cbm. (10,560 galls.) per minute suddenly broke 
through, so that the men were rescued with difficulty. Attempts 
at unwatering made between October 21st and November 15th 
were abortive, showing that the ground was not completely 
frozen. Two additional freezing-pipes were therefore put down 
to a depth of 78 m. (256 ft.) and, unwatering being eventually 
accomplished, work was resumed on December 23, 1899. The 
shaft was relined with channel-iron supports and cleared of 
ice. At a depth of 76 m. (250 ft.) the mine inspector's office 
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insisted that 28 more prospecting drill-holes be sunk to the 
underlying gypsum strata, in order to safeguard the men. On 
February 23, 1900, at a depth of 79^ m. (261 ft.) one of these 
holes showed so much water that it was plugged with difficulty. 
While considering the best course to pursue, a sudden inflow 




Fig. 8. — Arrangement of freezing-pipes at Hansa-Silberberg. 

Nos. 1-14, original freezing-pipes. Nos. 15-32, supplementary freezing- 
pipes, installed after the break. 

occurred on the night of February 28th, while the shift was 
off. The inburst filled the shaft with mud and sand, up to the 
62-m (203-ft.) level. Two special freezing-pipes were put 
down, and this material frozen with a view to reaching the dis- 
tributing-rings for the solution at the 42-m (138-ft.) level. 
In each case the irruption had occurred near No. 1 pipe (see 
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Fig. 8). The next step was to sink two more freezing-pipes 
(Nos. 15 and 16) outside of the original drop-shaft. After put- 
ting them into operation the shaft again filled with sand to the 
62-m. (203-ft.) level. This was cleaned out and sinking re- 
sumed as before, though with a reduction of shaft diameter, so 
that the temporary timbering was only 2.9 m. (9.5 ft.) in the 
clear. On reaching the 76-m. (249-ft.) level (August 31, 1900) 
water was struck in a drill-hole between pipes Nos. 10 and 11 
at a depth of 79 m. (259 ft.), and the shaft rapidly filled for the 
third time. 

Twelve additional freezing-pipes were now put down, outside 
of the original drop-shaft and to a depth of 115 m, (377 ft.), 
constituting a second concentric freezing-zone, of larger diam- 
eter, although, as shown by Fig. 8, not quite continuous. These 
new pipes were connected with the refrigerating-plant and the 
second freezing belt completed. ^ 

After allowing sufficieut time for the ground to freeze 
sinking operations were resumed with a diameter of 2.9 m, (9.5 
ft.), and at a depth of 86.2 m. (283 ft.) the shaft entered the 
gypsum. This was considerably below the place where the 
former breaks had occurred, the ground there having been 
satm-ated with the freezing solution. Work was started on 
the wedging-crib, when, on December 28, 1901, another inrush 
of unfrozen material occurred at a depth of 80 m. (262 ft.), 
between pipes Nos, 1 and 3, at the point where the ground 
had previously been saturated with the solution. The exact 
position of the break could not be determined, as the shaft- 
walls were lined and the lights were extinguished by the vio- 
lence of the inflow. Thus the shaft filled with water for the 
fourth time, a deposit of 4 m. (13 ft.) of sand settlmg in the 
bottom. 
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Early m February, 1902, a new contract was made, whereby 
the tune limit for completing the work to 115 m. (377 ft.) was 
extended nine months, and, as the company declined to bear 
the additional expense, the entire cost was thrown on the con- 
tractor. The latter then put down three new freezing-pipes 
(Nos. 33, 34, 35) in the spaces in the outer series between pipes 
Nos. 16 and 29 and pipes Nos. 15 and 16 (see Fig. 8). None was 
sunk in the space between Nos. 15 and 30. Additional pipes 
were also placed inside the shaft-area proper, in the manner 
already described, and all were connected up with the ref riger- 
ating-plant. 

After cleaning out the shaft to the 61-m. (200-ft.) level, an 
advance excavation, 2.7 m. (8.8 ft.) in the clear, was sunk to 
a depth of 87 m. (285 ft.). This was afterward enlarged, a 
wedging-crib put in, and the shaft lined with tubbing to the 
61.5-m. (202-ft.) point, without, however, making a water- 
tight connection with the upper Uning. Sinking was then 
continued below 87 m. (285 ft.), and the walls of the shaft 
supported by suspended tubbing-rings as the work advanced, 
until a depth of 101.5 m. (366 ft.) was reached, at which point 
a second wedging-crib was installed. On sinking below that 
point to 115 m. (377 ft.) the shaft was again flooded (October 6, 
1902), just as preparations were being made to place still another 
wedging-crib. 

Since the date last named the shaft has been under water; 
but the completion of the work by means of the boring method 
has now been decided upon, and Haniel & Lueg, to whom the 
contract had been awarded, will soon begin operations. 
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The Sinking of Shaft No. 6, of the Herzoglich Anhaltische 
Salzwerks-Direktion, at Leopoldshall, Stassfurt. 
(Plate XIV.) 

The character of the ground at the point selected for the 
shaft was rather unfavorable, as is shown by the following 
section obtained from bore-hole No. 13: 



Surf£ice soil. 

Gravel 

Sand 



Quicksand 

Sand , 

Gravel. 

Coarse gravel and boulders 

Sand, in parts cemented 

Reddish gray clay 

Buntsandstein, gravel, and boulders 

Buntsandstein, with oolitic rock 

Red and blue marls 

Red and blue marls with oolitic rock and thin 

beds of sandstone 

Ditto, alternating with beds of indurated 

clay 

Ditto, with layers of gypsum 

Anhydrite and saliferous clay 

Potash salts 

Rock'Salt » 



0.0- 

1.0- 

6.8- 

7.8- 

11.2- 

12.2- 

13.0- 

15.2- 

21.0- 

24.0- 

29.5- 

48.5- 



1.0 m. 

6.8 m. 

7.8 m. 
11.2 m. 
12.2 m. 
13.0 m. 
15.2 m. 
21.0 m. 
24.0 m. 
29.5 m. 
48.5 m. 
90.0 m. 



90.0-265.0 m. 

265.0-330.0 m. 
330.0-335.0 m. 
335 . 0-379 . m. 
379.0-594.0 m. 
394.0-100.0 m. 



0^ 
3- 
22- 
25- 
36- 
40- 
43- 
50- 
69- 
79- 
95- 
159- 



3 ft.) 
22 ft.) 
25 ft.) 
36 ft.) 
40 ft.) 
43 ft.) 
50 ft.) 
69 ft.) 
79 ft.) 
95 ft.) 
159 ft.) 
295 ft.) 



295- 869 ft.) 

869-1082 ft.) 
1082-1099 ft.) 
1099-1243 ft.) 
1243-1292 ft.) 

292-1312 ft.) 

below the 



The natural ground-water level is 1.3 m. (4 ft. 
surface. 

The management planned to begin work with a drop-shaft, 
and to this end consulted with the firm of Haniel & Lueg. The 
lattei, however, feared that difficulty would be met in sinking 
through the gravels and boulders, and, when presenting their 
estimates, advised consideration of the freezing process, recom- 
mending Messrs. Gebhardt & Koenig, of Nordhausen, as con- 
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tractors for carrying out the work. To this firm a contract 
was eventually let, the management at the same time arranging 
with Messrs. Haniel & Lueg for the necessary tubbing. 

The freezing-pipes, twenty six-m number, were sunk early in 
1899. They were placed somewhat less than 1 m. (3.28 ft.) 
apart, in a circle 8 m. (26 ft.) in diameter, and were put down 
to a depth of 100 m. (328 ft.). Considerable diflBculty and 
delay were experienced in passing through the gravel and 
bowlders, so that the refrigerating-plant could not be con- 
nected up and started until June 22, 1900. Details of the 
freezing-plant may be omitted here, and reference made to 
Figs. 9, 10, and 11, and Plate XIV. 

By September 12, 1900, the unwatering and cleaning out of 
the shaft were completed, only a small leakage of water being 
noticed in the center of the sump. But at 8.30 a.m. on Sep- 
tember 19th water broke through the bottom at 9.5 m. (31 ft.), 
so that work had to be stopped and the shaft allowed to fill. 
It may be noted here that bore-holt No. 13, mentioned above, 
was put down within the area chosen for the shaft and may 
have facilitated the inflow of water. It was evident, at least, 
that the shaft had not been completely frozen to the center. 
The progress of the freezing was delayed by the presence of 
impurities in the calcium-chloride solution, chiefly sulphate of 
soda, which was deposited at the low temperature on the 
inner walls of the freezing-pipes and impeded circulation. On 
resuming work the temperature of the solution was — 17°C. 
when passed down through the pipes, and -13'' to — 14®C. 
on returning to the surface. Later these temperatures were re- 
spectively —21° and —18° C. The shaft was again un- 
watered by the end of November, 1900, and sinking resumed 
early in December, 1900. At first only picks and shovels 
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were used; afterward blasting with compressed powder gave 
satisfactory results. In the gravel and boulders the work was 
difficult. The advance in December was 14.2 m. (46 ft.); in 
January, 1901, 22.7 m. (74 ft.), and February, 24.6 m. (80 ft.). 
At a depth of 71.5 m. (234 ft.) evidences of pressure and insta- 
bility of the shaft-walls appeared, so that it was decided to 
put in a lining of permanent tubbing, in spite of the fact that 
no solid ground for setting the wedging-crib had yet been 
reached. However, a crib 0.5 m. (1.6 ft.) in width was placed 
at 71 m. (233 ft.), upon which the tubbing-rings were built 
up, with another crib, also 0.5 m. (1.6 ft.) wide, interpolated 
at 58.7 m. (192 ft.) 

At depths of 40.43 and 21.93 m. (133 and 72 ft.) still other 
supporting-rings were put in. The spaces behind the wedging- 
cribs were filled with concrete, consisting of equal parts of 
cement and sand, while the tubbing was backed by a mixture 
of one part cement, one part broken brick, and two parts gravel. 
These concretes were mixed with a warm 10-12% solution of 
calcined soda. For each meter in depth of shaft there were 
consumed 10 barrels of cement, 106 kg. (233 lbs.) of soda, 
0.6 cbm. (I cu. yd.) of sand, 1.25 cbm. (42 cu. ft.) of brick, 
and 2.5 cbm. (3^ cu.yds.) of gravel. 

On April 19, 1901, sinking was resumed, and by the end of 
the month 7.9 m. (26 ft.) had been made. The erecting of the 
tubbing was begun on May 3d, a wedging-crib being set at 
80.33 m. (363 ft.). This work was completed May 16th and 
sinking was again resumed on the 17th, a total advance of 10.07 
m. (33 ft.) being recorded for May. By the middle of June 
13.2 m. (43 ft.) more had been made and the shaft lined with 
tubbmg between the depths of 101.66 m. and 80.33 m. (333 
and 363 ft.). The ground being difficult, another wedging- 
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crib, 0.5 m. (1,64 ft.) wide, was set at 92.66 m. (304 ft.), the 
crib at 101.66 m. (333 ft.) being 0.7 m. (2.3 st.) wide. The 
method originated by shift-boss Trenkel for supportmg the 
wedging-cribs in difficult ground is rather interesting. As the 
material was so soft that it would not bear the weight, of the 
cribs, sinking was continued, as shown in Fig. 11, for a distance 
of 1.5 m. (4.9 ft.) below the point chosen for setting the crib, 
and the excavation lined with squared timbers of the same 
thickness as the tubbing and backed by good * concrete. On 
such a foundation the wedging-crib could be safely set. After 
wedging it into place, concrete was rammed in underneath, so 
that the tubbing-rings could be built directly upon it. By 
the completion of this work, on July 4, 1901, the operations of 
sinking by the freezing process were brought to a successful 
conclusion. 

In view of the bad ground, however, it was decided to con- 
tinue the freezing while further sinking proceeded, until a re- 
liable and permanent connection could be made with the solid 
rock. Sinking was therefore carried on in sections, each being 
promptly lined with tubbing. This procedure was followed 
until the wedging-crib at 175.32 m. (575 ft.) was reached, and 
the tubbing-rings above it were in place and joined to the upper 
portion of the shaft-lining, after which the ice-machine was 
shut down, on November 8, 1901. Subsequently sinking pro- 
gressed without difficulty, so that in January, 1902, a depth 
of 212.8 m. (698 ft.) was reached, where a new wedging-crib 
was put in place. 

In spite of good ventilation and a temperature of 18® 
C. in the bottom of the shaft, the upper portion of the 
shaft-walls was still so covered by frost that the ribs of the 
tubbmg were scarcely distinguishable. The entire appearance 



I 



L 



THE FREEZING PROCESS. 



of the work was most satisfactory, especially as regarded the 
Uning. 

This shaft may be cpnsidered as a very favorable example 



Fio. 11. — Method of Supporting Wedging-cribs in Heavy Ground. 

of the results to be obtained by the freezing process, as no 
serious interruptions occurred and the progress made was 
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good. For sinking the 175 m. (574 ft.) to the point where 
freezing was discontinued 2| years were required, so that the 
advance was somewhat more than 5 m. (16.4 ft.) per month 
for a shaft 5.5 m. (18 ft.) in clear diameter, 



Sinking of a Shaft at the Marie Mine, near Atzendorf. 

The work was carried to a depth of 50 m. (164 ft.) by sink- 
ing two drop-shafts, one telescopmg inside the other, but mthr 
out the use of automatic jacks. It was then decided to intro- 
duce the freezing process, notwithstanding that only some 
8 m. (26 ft.) remained to be sunk before reisiching the coal. 

On July 1, 1900, the contractors began to sink the freezing- 
pipes, 26 in number, 62 m. (203 ft.) deep and arranged in a 
circle of 8 m. (26 ft.) diameter; that is, they were placed out- 
side of the drop-shafts. The refrigerating-plant was started 
about the middle of January, 1901, and on June 6th the shaft 
was unwatered and sinking began. Work proceeded without 
interruption to the desired depth of 60 m. (197 ft.). The por- 
tion of the shaft in the coal was lined with masonry, tubbing 
being used above that, up to the 5-m. (16.4-ft.) iron drop-shaft. 
Fig. 12 shows the iron shoe of the drop-shaft at this point, and 
below it the temporary lining, which was afterward replaced 
by tubbing. The characteristic vertical fracture in the drop- 
shaft, plainly visible in the cut, is due to the fact that, while 
lowering the shaft, inrushes of the soft ground took place, 
followed by sudden caving of the vacant spaces behind the 
walls. These matters are discussed in the following chapter 
on " Drop-Shafts.'' 

By November 17, 1901, work had advanced so far that the 
refrigerating machinery might have been stopped, had it not 



Fio, 12. — Shaft of the Marie Mine, near Atzendorf. Joioiag the Temporary 
Linine with the Overlying Damaged Iron Drop-shaft, the Latter bang 
Completely Frozen In. 
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been desired to cut out a couple of shaft stations under its 
protection. It was therefore kept in operation until Decem- 
ber 7th. 

Shaft at the Consolidated Sophie Lignite-mine at 

wolmirsleben. 

A contract was let for a shaft 5 m. (16.4 ft.) in diameter 
and 80 m. (262 ft.) deep to the coal-measures. Work was begun 
with an excavation 8.5 m. (27.9 ft.) in the clear and 3 m. (10 ft.) 
deep, over which the derrick was erected. The sinking of the 
freezing-pipes was started on February 9, 1900, the operation 
of freezing on August 15th, and sinking proper in the latter 
part of October. The upper portion of the shaft was lined 
with masonry, built in complete ring-sections, and supported 
in its lower part by pillar-like masses of masonry. Work was 
finished on April 24, 1901, the average advance being 5J m. 
(18 ft.) per month. 

Shaft at the Ronnenberg Potash-mines, near Hano- 
ver. (Plate XV.) 

This shaft was begun in April, 1898. It was started on top 
of a bore-hole which had indicated that no difficulty from water 
was to be anticipated. The upper strata were of clay and 
argillaceous sands; gypsum, somewhat fissured, occurred at 
27 m. (88 ft.), and between 9Ö and 125 m. (295 and 410 ft.) 
a bed of Tertiary clay and sand was passed through. Between 
the latter point and 140 m. (459 ft.) gypsum was again encount- 
ered, overlying rock-salt at 140 m. A continuous record had 
been obtained from the drill-core. 

Sinking was started as usual, but at 8 m. (26 ft.) the bore- 
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hole in the center of the shaft-bottom admitted a flow of from 
1 to 1 J cbm. (264 to 396 galls.) of water per minute. The hole 
was plugged, but at 17 m. (56 ft.) the water again broke through 
at the rate of 3J or 4 cbm. (924 to 1056 galls.) per minute. 
As the work advanced in the plastic clay below the 11-m (36-ft.) 
horizon, beds of sand occurred with greater and greater fre- 
quency. The clay itself also contained a larger proportion of 
sand, so that the putting in of satisfactory provisional timber- 
ing became increasingly diflScult. Steps were therefore taken 
to install a cast-iron drop-shaft, notwithstanding that gypsum 
was to be expected at a depth of 25 m. (82 ft.). But in sinking 
the drop-shaft (which was 6 m. or 19.7 ft. inside diameter), so 
many difficulties and obstacles were encountered that attempts 
to shut out the water proved fruitless. The material was exca- 
vated by hand, the water being pumped out, but at 27 m. 
(88 ft.), where the shoe of the drop-shaft was all in gypsum, 
the flow of water reached 15 cbm. (3960 galls.) per minute. 
Pumping, originally with duplex pumps, was later done with 
Pulsometers, which were very satisfactory in dealing with the 
sandy water. After entering the gypsum, sinking was con- 
tinued with temporary timbering. As the water steadily in- 
creased, it was decided, in March, 1899, at a depth of 34 m. 
(Ill ft.), to abandon hand-sinking and pumping and mtroduce 
the freezing method. This was deemed advisable in view of 
the excessive expense of pumping so large a volume of water, 
and the dijfficulty of disposing of a 4% brine, and also because 
it had become unpleasantly evident that the shaft was draining 
a considerable area of the surrounding country. The com- 
pany decided to do the work on its own account, emplo3dng 
as its technical adviser the "Enterprise (j^nörale de Fon^age 
de Puits," of Paris. 
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The freezing-pipes were sunk outside of the drop-shaft in a 
circle 9 m. (29.5 ft.) in diameter. There were thirty pipes in 
all, spaced 933 mm. (3 ft.) apart. It was planned to sink them 
to a depth of 128 m. (420 ft.), as it was assumed that the clay- 
bed between 90 and 120 m. (295 and 393 ft.) would cut ofif 
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Fig. 13. — Plan of Bore-holes for Freezing-pipes, showing their deviations. 

the water from both the gypsimi occurring above 140 m. (459 ft.) 
and also the underlying rock-salt, and that the gypsum forma- 
tion would consequently be dry. The freezing-pipes were 
121 mm, (4.7 ins.) outside diameter. The refrigerating-plant 
was installed in dupUcate, with a total hourly capacity of 
240,000 calories at 25° C. 
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The^ sinking of the bore-holes for the freezing-pipes was let 
by contract, with the proviso that for each hole showing a 
greater deviation than 400 mm. (15.6 ins.) from the vertical 
another would have to be put down. This limit of deviation 
was afterward extended to 900 mm. (35 ins.), as advance in 
the work proved it to be sufficient to insure safety in freezing. 
It was erroneously assumed that from six to eight months 
would suffice for drilling the holes; unfortunately, nineteen 
months were found to be necessary, though in that time five 
extra holes were put down, making a total of thirty-five. 

The holes averaged 1^7 m. (416 ft.) in depth, their total 
length therefore amounting to 4445 m. (14,580 ft.). The price 
was 60 marks per meter ($4.57 per ft.), or something more than 
260, 000 marks ($65,000) for all. For determining the verticality 
of the bore-holes, means were employed which it would take too 
long to detail in this place. The method was based on lowering 
by a wire a plumb-bob, which fitted quite closely in the hole, 
and then measuring the deviation from the vertical of the 
continuation of the wire above the surface. The small circles 
at each bore-hole, as shown in Fig. 13, indicate the results 
obtained. The five supplementary holes are designated by 
the same number as the adjacent original holes, with the addi- 
tion of the letter a. It is evident that no hole was truly ver- 
tical, also that in some cases material deviations occurred. The 
subsequent sinking operations showed, moreover, that the 
method of testing employed was not very exact, as two freez-. 
ing-pipes became visible in the sides of the shaft, a condition 
of things not shown by the holes as plotted according to sur- 
vey. However, the success attained m sinking thQ shaft 
proved that such deviations as occurred are permissible when the 
refrigerating-plant is of ample capacity. Notwithstanding the 
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ultimate failure of the case under consideration, it is clear that 
the freezing process met all demands made on it, and the experi- 
ence gained goes far toward extending the field of its applica- 
bility. The freezing-pipes were put in place immediately on 
the completion of each bore-hole, so that the casing could be 
pulled and used again in the next hole. The bore-holes were 
finished four weeks in advance of the rest of the connections 
and piping, and the machinery had been already installed and 
tested. The refrigerating-plant consisted of a duplex engine 
of 75 to 80 H.P., with a total capacity of 240,000 calories per 
hour. A 28% calcium-chloride solution was used. The water 
required for cooling purposes amounted to 40 cbm. (10,560 
galls.) per twenty-four hours at 10° C, and was furnished by 
a special water-supply, as it was not deemed safe to withdraw 
water from the vicinity of the shaft for fear of causing move- 
ments of the ground at the shaft-collar. 

On beginning the freezing the plant was operated to its full 
capacity, so that in seven to eight weeks the frozen wall was 
closed and already 2 m. (6.5 ft.) in thickness, as was learned 
by means of small test bore-holes. (It may be stated here that 
at the end of six months the ground was frozen solid to the 
center of the shaft, and to a distance of 3 m. (9.8 ft.) out- 
side the circle of pipes.) 

After twelve weeks it became evident from the rising of the 
water in the shaft that the cross-section below must be frozen 
solid and that the rising of the water was due to the progressive 
freezing from below upwards. Unwatering was begun, but 
continued somewhat intermittently. Careful observations, 
made in the intervals of pumping, demonstrated that there 
was but little leakage through the frozen ground, and the un- 
watering was successfully concluded by the early part of 
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May, 1901. The speed of advance in the clays and gypsum 
was slow on account of the caution necessary in blasting, 
which was done only in the middle of the cross-section, the 
sides being taken out with the pick. D3mamite was used in 
the more central holes, and black powder in others placed about 
30 ctm. (12 ins.) from the walls. As sinking progressed, the 
temperature of the air dropped to —8® C, so that ventilation 
was changed from suction to forced draft, which caused a mini- 
mum temperature of —4° C. 

The first wedging-crib, for cutting off the surface water, 
was placed in gypsum at a depth of 69 m. (226 ft.), and upon 
it tubbing-rings were built up to a point above the natural 
level of the ground-water. The original drop-shaft, which had 
been sunk to 27 m. (88 ft.) from the surface, was removed in 
the course of this work. A second wedging-crib was installed 
in hard impervious clay at 105 m. (344 ft.) and tubbing carried 
up from it to the crib above. The ground between these two 
horizons consisted of clay and gypsum, much broken by Assur- 
ing and cavities, which were filled with ice. . The hard-pan 
found at 100 m. (328 ft.) changed at a depth of 110 m. (361 ft.) 
into a sandy material containing nodules of gypsum. As the 
bore-holes previously put down had led to the conclusion that 
this material would pass into hard gypsum at 125 m. (410 ft.), 
plans had been made for setting the last wedging-crib between 
125 and 127 m. (416 ft.). At 125 m., however, water broke 
into and flooded the shaft before the crib and tubbing-rings 
could be put in place. This inflow was due to the presence of 
a concentrated solution of salt (25% of salt was ascertained by 
analysis), which had prevented the completion of the freezing 
at this point. The rate of advance in the frozen ground had 
varied from 16 to 24 m. (52 to 79 ft.) per month, and averaged, 
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including the placing of the tubbing, 12 to 14 m. (39 to 46 ft.) 
per month. 

Although the idea is often held that, by employing a lower 
temperature, for which some agent other than chloride of lime 
would be necessary, even concentrated salt solutions may be 
successfully frozen, the Ronnenberg Company nevertheless 
decided, on account of the flooding of the shaft, to continue 
work by the Kind-Chaudron method. It is stated in the 
journal "Industrie" that this decision w^as based on the uni- 
form success which in recent years has been secured through 
this process by Messrs. Haniel & Lueg. 

For the time being and pending the installation of the equip- 
ment for boring, freezing was continued at the maximum capa- 
city of the plant. The shaft was filled with gravel up to the 
wedging-crib at 105.4 m. (346 ft.), to protect the sides against 
the action of the salt solution which had broken in. In March, 
1902, the shaft was unwatered down to the gravel, the mud 
removed, and sinking begun in the frozen gravel. On reaching 
the wedging-crib, the water again broke in, flowing this time 
2J cbm. (660 galls.) per minute. The water was not very saline, 
containing some 4% of salt only, but had a temperature of 15° C, 
in spite of the fact that the freezing-plant was being run to its 
full capacity. At water-level in the shaft the temperature 
was 3° C. The consumption of coal at this time was 28 tons 
per 24 hours. Fig. 14 shows the condition of the sump when 
sinking was resumed. 

During the last period of work one of the freezing-pipes had 
broken, so that 6 cbm. (1584 galls.) of calcium-chloride solution 
were lost. Toward the end of March, 1902, the freezing sys- 
tem was definitely abandoned and all energies bent to the 
Kind-Chaudron equipment, the successful operation of which 



THE FREEZING PROCESS. 131 

at this shaft has ah^ady been described in Part II of this 
volume. 

The Shaft in the "Gemeinschaft" Field of the '* Vereini- 
gungs-Gesellschaft ", NEAR Kohlscheid in the Wurm 
District. 

This shaft was started with a masonry drop-shaft, 6.7 m. 
(22 ft.) in the clear, which was put down to a depth of 18.5 m. 
(61 ft.). An iron drop-shaft 6 m. (19.7 ft.) in diameter was 
then sunk to 69.5 m. (228 ft.) and a second one 5 m. (16.4 ft.) 
in diameter to 102 m. (334 ft.). In spite of all efforts to force 
them deeper with jacks, both shafts stuck fast at these depths, 
and as both were more or less distorted, further attempts had 
to be abandoned. A third drop-shaft, also of iron and 4.3 m* 
(14.1 ft.) in the clear, stuck at 113 m. (371 ft.), although 
it was hoped to reach solid ground with it at 160 m. 
(525 ft.). 

The formation passed through consists of a very fine-grained, 
round, and compact sand, which caused much trouble in its 
removal. Originally a dredge was used, but later, on proving 
no longer efficient, it was replaced by a sack-borer (see Fig. 16). 
This also made slow progress, so that a special sack-borer with 
removable bags was eventually installed, which caused much 
trouble because of lack of skilled men to operate it. One in- 
burst of sand buried the borer 13 m. (43 ft.) deep so that neither 
it nor the rods could be raised to the surface. "Mammoth*' 
pumps (using compressed air) were employed to clear the boring 
apparatus and proved very useful for this purpose, but were 
not so well suited for sinking, so that the sack-borer was again 
resorted to. 
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After the third drop-shaft had stuck at 113 m. (371 ft.) 
it was decided to let a contract to finish the work by the freez- 
ing process. As a preliminaiy a large circular excavation was 
made at the surface, in which the distributing piping was ulti- 
mately installed. 

On February 26, 1902, boring was begun for putting down 
the 38 freezing-pipes. These were arranged in two circles, re- 
spectively 10.3 (34 ft.) and 11.3 m. (37 ft.) in diameter and 
sunk 10 m. (33 ft.) into the underlying solid rock; 

On plumbing the bore-holes it was found that a number of 
them deviated considerably from the vertical, so that six addi- 
tional holes were eventually put down. There were thus 44 
in all, supplemented by a single hole in the center. In loose 
ground the pipes were sunk by a water-jet from a force-pump; 
in hard ground the usual form of drill was used in most cases, 
though core-drills were employed for eight of the holes, in order 
to obtain cross-sections of the ground traversed. 

Part of the plumbing was done by means of a wire plumb- 
bob and part by a stratameter, neither method proving entirely 
reliable. The former becomes practically useless if the wire 
touches the walls of the pipe at any point; and the magnet of 
the stratameter is influenced by the iron casing of the bore- 
holes. Only the direction of the stratameter reading, however, 
and not the amount of deflection, is affected, so that the appa- 
ratus is a distinct improvement over the plumb-bob. A stra- 
tameter survey of each bore-hole was made for each 20 m. 
(65 ft.) of depth and a final observation taken at the bottom 
of each hole. 

The original ice-plant consisted of an ammonia-machine, 
with cylinders 325 mm. (12.67 ins.) diameter by 600 mm. (23.4 
ins.) stroke, run by a direct-connected, condensing steam-engine; 
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this was supplemented by a second ammonia machine, with 
two compressing cylinders, each 255 mm. (10 ins.) diameter 
by 450 mm. (17.5 ins.) stroke, driven by a belt from a con- 
densing engine. The plant was put in operation April 1, 1903. 
As the capacity proved too small, an auxiliary riefrigerating- 
engine of similar type, with cylinders 250 mm. by 450 mm. 
(9.75X17.55 ins.), was added in July, 1903. It was driven 
by a non-condensing engine and started August 8, 1903. The 
total capacity of the entire plant was 240,000 calories per hour. 
Although no material interruption occurred, progress was 
slow. On. January 30, 1904, ten months after starting up, the 
downcast solution had a temperature of —14.8° C. and the 
upcast — 9° C. An attempt was made on this date to un water 
the shaft to a point 30.8 m. (101 ft.) below the collar, or 13.8 m. 
(45 ft.) below the normal ground-water level. It proved a 
failure, however, as the water rose 3.3 m. (11 ft.) during the 
following night. The shaft was promptly refilled with sur- 
face-water and freezing continued. Conditions then began to 
mend, so that by the middle of May the temperature of the 
down-cast solution was — 18°C. and of the up-cast — 12°C. 
TJnwatering was then successfully accomplished. Sinking was 
begun in the latter part of May, fourteen months after starting 
the refrigerating plant. The 4.3-m. (14.1 ft.) drop-shaft was 
first removed; also, the shoe of the 5-m. lining. The walls 
below the drop-shaft were lined as sinking progressed with 
suspended tubbing, 5 m. (16.4 ft.) clear diameter. The blast- 
ing was done with compressed powder and good progress 
made without mishap, the only unfavorable condition being that 
the shaft was solidly frozen to the center, due to the fact that 
the freezing had continued for a period of twenty-one months. 
This proved a fortunate condition of affairs, however, as 
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many of the freezing-pipes had materially deviated from the 
vertical. In spite of the obstacle formed by the iron drop- 
shafts down to a depth of 112 m. [367 ft.), four of the freezing- 
pipes had protruded into the cross-section of the shaft. No. 27, 
for instance, showed 3.9 m. (13 ft.) of deviation between 127 m. 
and 154 m. (416 and 505 ft.) of depth, and at 154 m. was close 
to No. 13, whereas at the surface the two holes were 10.4 m. 
(34 ft.) apart. At 102 m. (334 ft.) No. 30a came into view, 
lying close to the iron walls of the 5-m. (16.4 ft.) drop-shaft. 
Below this point it was again deflected out of the cross-section 
of the shaft. These as well as other deviations proved that 
the bore-hole surveys with a stratameter are accurate as to 
amoimt of deflection, but are unreliable respecting the orienta- 
tion of the deflections. 

Judging from the above results it seems highly problematical 
whether the original plan, to enlarge the shaft to 6 m. (19.7 ft.) 
diameter, could have been successfully carried out by means 
of suspended tubbing, in spite of the fact that the frozen cylinder 
of ground had a diameter of between 10.3 and 11.3 m. (33.8 and 
37 ft.). 

Early in December, 1904, a depth of 154 m. (505 ft.) was 
attained, and the lining completed, with a water-tight joint 
in the solid carboniferous rock, thus successfully ending a very 
difficult piece of work. 

It is natural that so successful a process as the freezing 
method of sinking should have attracted the attention of 
many inventors. A few suggestions may here be made, with 
reference to the fundamental features of the process; first, as 
to doing away with the use of a salt solution as a means of 
transportmg the cold; and second, freezing the ground in short 
sections as the work advances, rather than as a single cylindrical 
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mass, solid from top td bottom. Both of these modes of pro- 
cedure retard progress. The possibility of leakage of the solution 
because of defective freezing-pipes is one of the most serious 

« 

contingencies to be feared, because any portion of the ground 
once saturated with the refrigerating solution cannot be frozen, 
and dangerous inrushes of the surrounding soil during the 
operation of sinking become inevitable. ' 

All attempts to provide some kind of expansion-joint in the 
freezing-pipes, to avoid the ' difficulties incidental to the con- 
traction caused by the cold solution, have proved unsuccessful. 
Up to the present time the only means of avoiding trouble 

* 

from this source is to use the best material for the pipes, make 
them sufficiently heavy, and exercise the greatest care in putting 
them together. Projects to do away altogether with the 
freezing-solution, as well as the various attempts to utilize 
the cold produced by the vaporization of certain fluids in the 
pipes themselves, have thus far been unsatisfactory in practice. 

Another difficulty inherent in the freezing process is the 
tendency of all bore-holes to deviate from their initial direc- 
tion. This tendency increases with the depth of the hole, and 
to it are chiefly due the suggestions which have been advanced 
for freezing the shaft in sections. M. Unger has patented the 
idea of placing at the bottom of each section an iron casting, 
attached to the lowest tubbing-ring, and similar to the dia- 
phragm or false bottom of the cuvelage used in connection with 
shaft-boring. In this casting there would be a number of 
perforations, properly spaced and provided with stuffing-boxes, 
through which the holes for the next lower series of freezing- 
pipes would be bored. 

P. Grotenrath and H. Hillenblink have also received a 
patent covering sectional freezmg. They propose • placing 
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vertical channels or pipes either behind the tubbing of the upper 
part of the shaft, in the concrete backing, or else in the tubbing 
itself, to serve as guides for the future drilling of the holes or 
even, as casings for the freezing-pipes. This plan has the 
advantage over the one previously mentioned in that each new 
circle of pipes would be larger instead of smaller than the first, 
80 that the section of the shaft could be readily maintained 
of the original area. 

The continually decreasii\g shaft cross-section is one of 
the worst features of sectionalized sinking by the freezing process. 
As the boring for each section of shaft must be done separately 
and a fresh freezing of that portion is required, costing both 
time and money, this method will scarcely prove more than a 
makeshift, to be adopted only when it cannot be avoided. 
Thus far the only improvements worthy of consideration are 
those bearing on the methods of freezing the entire depth and 
area of the shaft in one operation. 
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IV. 
DROP-SHAFTS. 

For sinking in sand or loose water-bearing soils the drop- 
shaft method is one of the oldest in use, if we except ordinary 
hand-work and spiling, which is now rarely employed under 
these conditions. 

The method originally consisted in erectmg a strongly- 
framed rectangular wooden casing on the spot where the shaft 
was to be sunk and, while excavating the soil within the in- 
closure, allowing the casing or lining to sink slowly into the 
ground. The function of the lining is to support the walls 
of the excavation and prevent them from caving. If water or 
running soil is encountered in such quantity as to drown out 
the work, excavation is necessarily carried on with appliances 
adapted to operate under water. At first, spoon- or pod-augers 
and sack-borers were employed; replaced later by chain- 
bucket dredges, claw or clam-shell dredges, and water-jetting 
apparatus. The early rectangular wooden casing was succeeded 
by a circujar walling of masonry, first with a wooden, afterward 
with an iron, shoe. This in turn was superseded by a plate- 
iron cylindrical lining, and later by cast-iron tubbing, with 
machined joints. 

Drop-shafts were first sunk by their own weight; later on 
this was supplemented by loading them with earth, sand, 
stone, iron, and eventually by the use of jack-screws and 
hydraulic jacks. In the modem development of the method 

141 
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a large number of hydraulic jacks are connected by a system 
of piping with an accumulator, weighted for exerting auto- 
matically a constant pressure on the drop-shaft. 

Recently drop-shafts have been greatly increased in diameter, 
and used for greater and greater depths, so that it has become 
necessary largely to increase the thickness of the iron walls. 
Notwithstanding this, shafts are often seriously deformed 
before reaching their final position. In the case of drop-shafts 
sunk through concrete plugs placed in the bottom, any injury 
appearing in the shaft might be attributed to the presence of 
the hard concrete. But other causes produce the same results, 
as may be inferred from the fact that drop-shafts which 
have had no concrete to pass through are frequently damaged. 
It is therefore evident that other and more general causes may 
be responsible for such deformations. These questions I will 
now proceed to discuss. 

Of all the drop-shafts I have seen, only two wholly escaped 
deformation. All of the others had suffered more or less, either 
in a distortion of cross-section or by longitudinal rupturing. 
This statement holds good for both iron and masonry shafts. 
Horizontal cracks, girdling the shaft, are rare and occur only 
when the bottom of the masonry walling breaks off and sinks 
as quicksand fills the shaft, while the upper portion is held 
firmly by the frictional support of the overlying strata. Hugo 
No. 1 shaft, of the Gutehoffnungshütte, which was put down 
with a single drop-shaft between the depths of 61 and 170 m. 
(200 and 557 ft.), i.e., 109 m. (357 ft.), was finally completely 
wrecked by such breaks, although the walls were 70 mm. 
(2f ins.) in thickness. 

In the case of a certain small iron drop-shaft, 4.5 m. 
(14.7 ft.) m diameter by 31 m. (102 ft.) deep, which was lost 
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in a similar manner, I was called in to give expert testimony, 
and so had to investigate the causes of the trouble. Close 
inquiry led to the conclusion that movements in the surround- 
ing ground must have taken place, which were due to the 
operations incident upon sinking the shaft. The unstable 
ground was sandy, loose and clean layers alternating with 
others mixed Vith clay. Several inrushes of this material 
occurred during the progres of the work. 

The cause of such movements is not difficult to understand. 
When the bottom of the shaft is in loose sand and the ex- 
cavation has been carried down to, or perhaps below, the lower 
edge of the shoe, the unstable material outside must inevitably 
run in under the shoe. These movements are fostered by 
differences in specific gravity; the shaft being filled with 
watet', with a specific gravity of 1, while outside the shaft- 
lining the unstable, water-bearing soil probably has a specific 
gravity of about 2. The pressure outside would therefore 
be twice as great as that within, were it not for the fact that a 
part of the difference is offset by friction. 

When under these conditions a drop-shaft sticks, there is a 
great temptation to endeavor to start it by continuing exca- 
vation at the bottom and even undercutting the shoe, thus 
naturally increasing the tendency to an inrush of the surround- 
ing ground. By the recurrence of such movements the 
cavities behind the shaft walls gradually grow larger upward 
and outward, and fill with water instead of sand. This con- 
tinues until the openings as they extend upward reach a 
firmer stratum, when for a while, at least, no movement may 
be noticed. Fig. 15 shows a drop-shaft under the conditions 
described. 

Finally a catastrophe is usually brought about by a sudden 
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breaking away of portions of the roof of such cavities. Masses 
of water and sand are violently forced up through the shaft 
bottom, subjectmg the walls to very serious and damaging 
strains. The caving often progresses upward, until even the 
surface equipment of the shaft is endangered. 

As a rule, the shock of the- ground falling against the waUs 
of the shaft is noiseless, as it takes place imder water and 
the material has but little cohesion. Nothing may be notice- 
able at the shaft-collar except a sudden rise of the water-level, 
produced by the inrush at the bottom. It is impossible to 
estimate the force of the shock of such falling masses of ground, 
because, in the nature of things, the data can only be assumed, 
and the laws governing the movement of soft, unstable material 
in water are completely unknown. 

At best, therefore, a rough calculation only can be made. 
Take, for example, a case where the radial width of the water- 
filled cavity is supposedly 4 m. (13 ft.), the height 10 m. (33 ft.), 
and where the roof has dropped around one quarter of the 
circumference, which is, say, 24 m. (79 ft.). If the thickness 
of the caved ground be 5 m. (16 ft.), a mass of material measur- 
ing 4X6X5 m. = 120 cbm. (157 cu. yds.) would come down. 
Adopting the specific gravities previously instanced, there 
would be a net weight unsupported by the water, of 120,000 kg. 
(264,000 lbs.) . Furthermore, assuming the time of drop in water 
to occupy two seconds, the energy developed would amount to 

120,000X10 (120,000X2.2)X(10X3.28XV) r^r^jj^ 
2 X 75 33,000 "" ^^^ ^'^* 

This of course is a mere estunate/ a laige part" of the 
shock is absorbed by the slope of the bottom of the cavity and 
the falling material is not compact, so that only a fraction of 
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the above energy is actually exerted against the walls of the 
shaft. Nevertheless there is still sufficient force, under the con- 
ditions set forth, to furnish an impressive idea of the possible 
strain on the shaft-walls. A further indication of the large 
forces involved in such occurences is found in the fact that the 
boltom of the shaft and the water level often rise suddenly 
many meters. I know of one case in which the rise was 22 m. 
(72 ft.), and of another, where the water-level was low, in which 
the compression of the air above it drove the shaft scaffolding to 
the surface, injuring a number of the men. 

With these facts in mind, it is not surprising that, in spite 
of the increased thickness of the walls (90 mm. or 3.5 ins. having 
been already employed), drop-shafts are frequently damaged, 
particularly as the constantly increasing diameter of the shafts 
tends to nullify the advantages gained by increased thickness. 
Any further increase in thickness seems inadvisable, partly 
on account of the expense and partly because of the unwieldi- 
ness and the difficulty of handling the individual segments in 
the shaft. Replacing cast-iron by cast-steel would treble the 
cost without corresponding advantage, because the relative 
strength of the metal is the main question, and for this kind of 
work cast-steel is not much superior to cast-iron. The main 
point is to avoid sudden inrushes of soft material, and these are 
best prevented by keeping the cutting edge of the shoe always 
hi unbroken ground, i.e., well ahead of the actual bottom of 
the shaft. This can be done only by using powerful jacks to 
force down the lining. 

unfortunately in sinking drop-shafts there are no sure 
means of ascertaining how much ground has been removed. 
It is always uncertain, therefore, whether cavities may have 
formed behind the shaft walls, as there is no safe guide as to the 
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ratio of the ground in place to that which is hoisted to the sur- 
face. By exercising care and employing powerful hydraulic jacks 
for keeping the shoe well ahead of the bottom of the shaft, the 
danger can be much reduced but never completely eliminate. 

For these reasons persistent attempts have been made to 
increase the strength of drop-shafts. But the preceding re- 
marks as to the thickness of walls and the available materials 
indicate that such increase of strength is to be secured only by 
improved construction, at the same time avoiding, if possible, 
any increase in weight. 

At the suggestion of Manager Pattberg, a composite drop- 
shaft of iron and masonry or concrete was patented in Germany 
by Haniel & Lueg under Patent No. 133,482. Its essential 
feature is the interpolation of broad, stiff reinforcing-rings, set 
betw^een the tubbing-rings. These are intended to prevent 
deformation of the shaft by lateral crushing. In the lower 
portion of the shaft, where the pressure is greatest, the rings 
are placed quite close together, say every 3 m. (10 ft.); above 
they are spaced from 4 to 5 (13 to 16.5 ft.) or even 6 to 9 m. 
(20 to 30 ft.) apart. Broad rings of this kind, though necessarily 
projecting somewhat on the inside of the shaft, beyond the 
flanges of the tubbing, materially stiffen the structure. They 
* are tied together by heavy bolts, and the spaces between them 
filled with concrete or masonry, so that the inner surface of 
the shaft is entirely smooth. The masonry adds to the stiff- 
ness of the shaft, and at the same time furnishes an advan- 
tageous increase in weight. 

The walls of such shafts are naturally thicker than those of 
an ordinary iron drop-shaft; being, in this respect, intermediate 
between iron and solid masonry. This is an unfavorable fea- 
ture, particularly when with increasing depth the telescoping 
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of several successive linings becomes necessary. The disad- 
vantage, however, is in a measure offset by the fact, as shown 
by experience, that such shafts can be carried deeper than the 
ordinary unlined iron ones. This construction was adopted at 
shafts Nos. 4 and 5 of the Rheinpreussen colliery, as shown on 
Plates XVI and XVII. Further details will be given below 
when the sinking of these shafts is described. 

General Superintendent Hinselmann, of Rheinpreussen, has 
patented an interesting innovation in connection with sinking 
by drop-shafts. He suggests a composite drop-shaft, whose 
shoe has a broad outside flange projecting beyond the walls. 
Upon this broad outer flange a sufficient nimiber of concentric 
cast-iron tubbing-rings would be placed to serve for the entire 
depth to be sunk. These auxiliary rings should fit over one 
another and over the main drop-shaft with a small amount of 
play. The whole would constitute a very heavy drop-shaft, with 
a number of loose outside casings. It is planned to leave open 
vertical channels in the thick walls of the main drop-shaft, in 
which freezing-pipes may be placed in case it should become 
necessary ultimately to resort to the freezing process for com- 
pleting the work. Operations are conducted as follows: The 
whole shaft, with its outside casing-rings, is sunk imtil the 
friction on the outermost ring becomes so great that it will go 
no farther, even with the aid of hydraulic jacks. Then the jacks 
are applied to the second ring, the first remaining stationary, 
while the main drop-shaft, with the other rings, being relieved 
of part of the outside friction, sinks farther. This method of 
procedure is applied to each succeeding outside casing-ring, 
until all have become stationary, when the pressure from the 
jacks is finally applied directly to the drop-shaft itself. This 
device has not as yet been applied in practice. 
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Coincident with the various improvements in the construc- 
tion of drop-shafts, a4vances have been made in the methods 
of removing the material as excavated. These are the more 
important, as experience shows that by means of hydraulic 
jacks almost any desired speed of sinking may be attained. 
Theoretically, the rate of progress is limited only by the speed 
with which the Uning-rings can be installed. With proper 
equipment three rings can be placed per twenty-four hours, 
equal to 4.5 m. (14.7 ft.) of depth. Such progress can be ex- 
pected as soon as it becomes possible to carry on the excavation 
with corresponding speed. In spite of substantial progress, 
however, the methods in use for this branch of the work are 
still greatly in need of improvement. 

As to the various methods of excavation which depend on 
the use of the old sack-borer, the claw-dredges, bucket-ele- 
vators, and pumps operated by water, air, or steam, details may 
here be omitted concerning the dredges and bucket-elevators, 
because no improvements in them, to my knowledge, have 
recently been made. 

The sack-borer is much used when other methods fail, be- 
cause although slow it is relatively sure in operation, and is 
adapted to all of the various kinds of ground likely to occur. 
It has been greatly improved by Sassenberg and Clermont. 
The inefficiency of the old form is chiefly due to the necessity 
of breaking joint throughout the entire length of rods when- 
ever the sacks are to be raised and emptied. This is a slow and 
tedious process and greatly reduces the capacity of the appa- 
ratus. 

Sassenberg and Clermont modified the sack-borer so that 
the sacks can be raised to the surface by a hoisting-engine, 
without raising and disconnecting the rods. For deep shafts 
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Fro. 16.— Sack-borer. 
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this makes it possible, under ordinary conditions, to raise and 
empty the sacks in as many minutes as it formerly took hours. 
The! new design is shown on Plate XVIII, which represents tlie 
fflnkinjg-plarit of the Adolf shaft of the Eschweiler B^rjgwerks- 
verein;: imd Fig. 16 is a reproduction of a photograph of the 
same apparatus, which bears Patent No. 96,015 of the (Jerman 
Empire. Hiis equipment was also used successfully at Eohl- 
scheid and at the AdoK shaft near Alsdorf. 
- In connection with shaft-sinking, pumps for elevating the 
water and mud (this section of our subject deals only with 
sinkiüg imder water) have been more and more widely applied. 
Ihjection-pumps operated by water or steam, and the so-called 
'*^Manmioth" or air-lift pump, are most frequently used. The 
latter consists essentially of a large open pipe, with no valves, 
which is lowered to some depth into the water to be raised; 
into the lower end of this pipe compressed air is discharged 
from another smaller pipe, connected with a compressor. The 
air, rising in bubbles and disseminated through the liquid in the 
large pipe, makes a mixture of lower specific gravity than water 
alone. A constant discharge is thus maintained, assisted in a 
measure by the pressure of the water in which the pipe is im- 
mersed and by the kinetic energy and expansive force of the 
compressed air. This is an excellent means of raising water 
mixed, with mud, sand j^^ or gravel, as there are no moving parts 
subject to damage or derangement. The method is not new, 
having been first proposed, I believe, by W. Siemens. Borsig, 
of Berlin, has brought out several designs, and F. Honigmann, 
of Aix-la-Chapelle, has patented a device in which the boring- 
rods themselves are utilized as the pump column. The recent 
installation of the apparatus at the Rheinpreussen shafts Nos. 
4 and 5 is shown on Plates XVI and XVII. 
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The tendency of drop-shafts to divergie from the vertical is> 
a serious matter, and to allow for the consequent reduction 
in working cross-section careful consideration is required when 
deciding on the initial diameter of the shaft. This difficulty 
may to a certain extent be overcome, when hydraulic jacks 
are used, by providing rigid guides between the heavy anchor- 
rings of the jacks (Gemian patent No. 91,572), as shown on 
Plates XVI and X\^I. It is exceedingly important to elimi- 
nate as far as possible any chance of deviation, the principal 
cause of which is probably to be found in the tendency of all 
rotating borers, in which class the sack-borer belongs, to "run 
off"', or depart from their true direction. Claw-dredges and 
the usual methods of suction dredging offer no better security 
for the maintenance of true verticality, and of course the 
drop-shaft will naturally follow the excavation, even when 
inclined in direction, so far as its guides will permit it so to do. 

These considerations led Manager Pattberg, of Rhein- 
preussen, to design a drop-drill. The ground is broken by a 
trepan, so arranged that water under pressure can be delivered 
at the cutting edge, through the hollow drill-rods. The water- 
jets are directed upon the bottom of the shaft, stirring up and 
canying away the debris. The trepan is so shaped that the 
shaft bottom has the form of an inverted cone. At the lowest 
point two Manmaoth pumps (Plates XVI and XVII), which 
are attached to the outside of the drill-rods, pick up the drillings 
and raise them to the surface. At the shaft-mouth an in- 
genious swivel-head admits the compressed air and pressure- 
water to the drill-rods and pumps. 

The trepan is operated through a rope by an engine with 
an oscillating drum (German patent No. 104,158), equipped 
with a pneumatic feed-regulator (patent No. 105,931), the 
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flat rope running over a sheave at the top of the derrick and 
fastened to the swivel-head before mentioned. Thus the 
entire boring-apparatus is suspended by the rope from the drum, 
and while making its up-and-down strokes can be gradually 
lowered as the sinking advances. The plant as a whole is 
patented under No. 124,052, and is illustrated on Plates XVI 
and XVII. The engine only is shown in Fig. 17. 

Honigmann's system of shaft-boring belongs to the same 
category, but cannot be described here, as too few details have 
as yet been published. In reply to inquiries concerning the 
process, Mr. F. Honigmann states that in the Orange-Nassau 
mining district, at Limburg near Heerlen, two shafts of 3.3 
and 2.8 m. (10.8 and 9.2 ft.) diameter have been successfully 
put down to a depth of 97 m. (318 ft.) and lined with wrought- 
iron casing. He laso states that in the Carl district at Lim- 
burg two shafts of 3.9 m. (12.8 ft.) diameter have been bored 
to a depth of 130 m. (426 ft.) , and lined with steel-plate cylinders 
from 15 to 20 mm. (0.58 to 0.78 in.) in thickness, reinforced 
by channel-irons. A similar shaft, 5.7 mo (18.7 ft.) diameter, 
has been sunk at the Nordstern Mine, near Aix-Ja-Chapelle, 
to a depth of 77 m. (252 ft.) and also lined with steel plate. 

Of the more important work done with drop-shafts, hydraulic 
jacks, and guides imder patent No. 91,572, the following may 
be described' 

1. The Hugo Shaft at Holten, Gutehoffnungshütte 

Mining District. 

Work was begun by putting down a masonry drop-shaft, 
7.2 m. (13.6 ft.) in the clear, to a depth of 20 m. (65 ft.) below 
ground-water level, and continued with suspended tubbing, 
6.72 m. (22 ft.) inside diameter, to a depth of 80 m. (262 ft.). 
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The bottom was then concreted up to 65 m. (213 ft.) below 
the surface and an iron drop-shaft installed, 6.08 m. (19.94 ft.) 
in the clear. This lining was forced down to 175 m. (574 ft.), 
i.e., a depth of 110 m. (361 ft.) after which another concrete 
bottom was put in and the shaft pumped out. The lining 
proved to be out of shape and damaged, and the shaft was 
ultimately ruined completely by crushing of the walls. 

2. The Sterkrade Shaft, at Sterkrade, in the Same 

District. 

Like the Hugo shaft above mentioned, this was also started 
with a drop-shaft 7.2 m. (13.6 ft.) inside diameter, which was 
sunk by pneumatic jacks to a depth of 17 m. (56 ft.). Sinking 
was contmued by hand and masonry hning put in, in sections, 
down to 40 m. (131 ft.). This was followed by an iron drop- 
shaft, 6.72 m. (22 ft.) net diameter, to a depth of 80 m. (262 ft.), 
where the lining stuck fast. A second iron drop-shaft, 5.9 m. 
(19.35 ft.) diameter, was forced down to 132 m. (433 ft.), where 
the water was shut out in the clay formation. After the 
imfortunate experience at the Hugo shaft, it was considered 
advisable to put in still another drop-shaft 5.1 m. (16.73 ft.) 
in the clear. This, too, stuck fast at a depth of 136.5 m. (448 ft.), 
but the ground proved favorable for making a water-tight con- 
nection, and sinking being resumed by hand, a final iron lining 
was put in above the 140-m. (459 ft.) horizon, with masonry 
below that level. 

3. Hugo Shaft No. 2, in the Same District. 

This was sunk to replace shaft No. 1, which had collapsed. 
The method of sinking was much the same, except that, as in 
the case of the Sterkrade shaft, masonry was used instead of 
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suspended tubbing. The masonry drop-shaft was 7.2 m. 
(23.6 ft.) m the clear and was lowered under water 20 m. (66 ft.). 
Sinking was then prosecuted by hand and continued with masonry 
walling to a depth of 70 m. (230 ft.). The sump was concreted 
to the 61-m. (200 ft.) level and an iron drop-shaft installed 5.8 m. 
(19 ft.) in diameter. By the end of July this had reached a 
depth of 162.5 m. (533 ft.), and there stuck fast. The lining 
was probably water-tight, but in order to avoid unnecessary 
risk at so great a depth, a section of lining of smaller diameter 
was inserted at the bottom. This could not be forced below 
167 m. (548 ft.), at which point hand-sinking was resumed. 

In all these shafts the ground broken was removed by the 
claw-dredge, which worked well in the material traversed. A 
trepan designed by Director Jacobi for the harder layers, 
which was held in reserve, was not found necessary. 

The suggestion of Director Kocks to use a Kind-Chaudron 
trepan to break through the concrete plug in the shaft-bottom ' 
was applied in these cases for the first time and was entirely 
successful, the steel drop-shaft shoe cutting away without 
difficulty the narrow annular sheK of concrete remaining. 
The hand-work necessary in cutting through the bottom of the 
bed of concrete, which in shafts of great depth and diameter 
is often perilous, is by this means reduced to a minimum. 

4. The Adolf Shaft of the Eschweiler Bergwerks-Verein, 
NEAR Alsdorf. .(Plates XVIII and XIX.) 

At the point chosen for starting the shaft the ground-water 
level Was 32| m. (107 ft.) below the surface. The upper part 
of the formation is of gravel, underlaid by sandy and clayey 
strata. Solid ground occurs at a depth of 140 m. (459 ft.). 

Sinking was begun and carried down to water-level with a 



DROP-SHAFTa 159 

shaft of large diameter, lined with heavy masonry walling, 
1 m. (3.28 ft.) thick and 7.7 m. (25.25 ft.) diameter in the 
clear, carried to a depth of 32 m. (105 ft.). This walling was 
utilized as foundation and loading for the pressure-ring of the 
hydraulic jacks, according to Patent No. 91,572. Lying within 
the walling and serving at the same time as guides for the iron- 
drop-shaft, are 14 anchor-bolts, each 100 mm. (3.9 ins.) square. 
The lower ring for these anchor-bolts was placed near the bot- 
tom of the masonry, 30 m. (98 ft.) below the pressure-ring. 
There are 14 hydraulic jacks, each of 150 tons capacity; a 
total of 2100 tons. The first iron drop-shaft, 7.1 m. (23.3 ft.) 
in the clear^ consists of 14-segment rings, 1.5 m. (4.9 ft.) high, 
which in the lower 33 m. (108 ft.) of the shaft are 80 mm. 
(3.1 ins.) in thickness. 

The smking of the drop-shaft was started early in December, 

1900, by putting in the shoe at a depth of 32.5 m. (107 ft.), 
and progressed well up to January 21, 1901, when, at 43.26 m. 
(142 ft.), three of the heavy anchor-bolts broke. In order to 
make repairs it became necessary to remove the iron drop-shaft, 
causing over three months' loss of time. The breakage being 
due to defective material in the bolts, it was decided to sup- 
plement the 14 original bolts by 28 others, each 60 mm. (2.35 ins.) 
square. 

Sinking was resiuned April 30, 1901, and progressed so well 
that by June 15th the shoe of the drop-shaft was at 55.21 m. 
(181 ft.) below the surface. Then a delay occurred for install- 
ing gearing on the hoist used for raising the sacks of the sack- 
borer. Sinking was continued July 16, 1901, but on August 8, 

1901, at 61.57 m. (202 ft.), an brush of soft ground took place 
under the shoe and filled the bottom to a depth of 4 m. (13 ft.). 
The source of the trouble was not overcome until October 1, 
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1901, when the sinking again proceeded, and the shoe was 
eventually lowered to 76.72 m. (252 ft.), where it stuck fast 
November 13, 1901. The drop-shaft itself weighed at this 
time 1200 tons and was finally loaded with 2400 tons more. 
Further attempts to lower the shaft by imdercutting at the shoe 
were abandoned, and a concrete plug was put in the bottom 
on which to build up the second iron drop-shaft, provision for 
which had been made at the beginning. Exclusive of various 
interruptions which had nothing to do with the sinking, the 
progress made thus far was good, due primarily to the arrange- 
ment of the jacks, but also to the use of the sack-borer with 
detachable sacks. 

The second iron drop-shaft, begun early in October, 1902, 
was of 6.4. (21 ft.) diameter and in its lower portion 90 nmi. 
(3.5 ins.) thick. It had a heavy cast-steel shoe with steel bands, 
and in connection with it there was put in use for the first 
time a novel device patented under No. 136,672 by Bergver- 
walter Sassenberg. This will be understood from the following: 

In sinking Hugo shafts Nos. 1 and 2 and the Sterkrade shaft 
of the Gutehoffnungshütte, at Holten and Sterkrade, attention 
had been repeatedly attracted to the great depths reached with 
a single drop-shaft lining. All three shafts reached depths of 
90 to 110 m. (295 to 361 ft.) with the first drop-shaft, and 
those who were in full possession of the facts were of unanimous 
opinion that this success was entirely due to the favorable 
geological conditions. At a depth of 110 m. in that district 
there is a water-bearing layer where the pressure is so con- 
siderable that when a shaft reached it the water rose to the 
surface outside of the shaft-lining and there flowed away. 
This flow continued during the entire subsequent progress of 
sinking, forming a small stream of 80 to 100 1. (21 to 26 galls.) 
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per minute. Such an upward flow between the shaft-lining 
and the ground outside tended greatly to reduce friction. 
The water was prevented from entering the shaft by a clayey 
layer immediately under the water-bearing strata, which was 
cut into by the shoe of the shaft, thus forming a water-tight 
joint. 

Sassenberg conceived the idea of reproducing artificially 
these favorable natural conditions by providing an annular 
channel in the tubbing, somewhat above the shoe, this channel 
containing a nimiber of small holes through which water under 
pressure could be forced out into the surrounding ground. For 
this purpose the shoe and the four bottom rings were made 40 
mm. (1.56 in.) larger in outside diameter than the rest of the 
tubbing, and the holes for the outflow of the water were dis- 
tributed around the 2p-mm. (0.78 in.) shoulder thus formed, at 
about 7 m. (23 ft.) above the shoe. This enlargement of the 
lower part of the shaft was intended, first, to exclude the 
ground-water from the shaft, and, secondly, to faciUtate the 
upward flow of the water ejected from the openings on the 
20-mm. shoulder. It was intended that the enlarged por- 
tion of the fining should fit so closely in sinking through 
the strata as to act as a sort of packing in preventmg 
the water from passing downward under the shoe into the shaft. 
To make this doubly sure the entire enlarged section of lining 
was turned smooth and true before installing. The pressure 
water was conducted to the annular channel through vertical 
channels cast in the tubbing-rings above the shoulder, and above 
these, in turn, through pipes leading from the surface and fas- 
tened to the inner walls of the lining. Two small pumps sup- 
plied all the water required. The details are shown on Plate 
XIX. 
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In October, 1902, drilling through the concrete plug was 
begun. The same sack-borer was used which had been em- 
ployed for sinking, but altered so that its cutting edges were 
replaced by two spindles carried in inclined bearings and pro- 
vided with rotating cutting-disks. After a few minor delays 
the 14 m. (46 ft.) of concrete were cut through and followed 
by the drop-shaft by the end of March, 1903. The next strata 

N 

were clayey and the sack-borer was again brought into use, 
but was not very efficient until the cutting edges had been 
adapted to the material traversed. At 82.52 m. (271 ft.) 
the pressiu*e water apparatus described above was put in 
operation, and an attempt made to raise the level of the water 
behind the second drop-shaft to a drainage-channel 7 m. (23 ft.) 
below surface, i.e., about 25 m. (82 ft.) above the natural 
water-level, which was at a depth of 32 m. below the surface. 
As soon as the water between the iron drop-shafts reached a 
point 11-12 m. (36-39 ft.) below the drainage -channel, the 
second drop-shaft commenced to sink, although before that 
time it had failed to respond to a pressure of 3000 tons. In 
order to control the movement a Mammoth pump was lowered 
between the walls of the two drop-shafts and the water-level 
maintained at a point 10 m. (33 ft.) above the ground-water. 
The water pumped out flowed into the storage-tank for the 
pressure-pmnps and was thus used repeatedly. The drop- 
shaft sank by its own weight, the jacks therefore being no 
longer necessary. The use of the pressure water was emi- 
nently successful, so that in June, 1903, no interruptions having 
occurred, an advance of 18.21 m. (60 ft.) was made, the shoe 
reaching a total depth of 100.73 m. (330 ft.). 

On September 25, 1903, at a depth of 129.9 m. (426 ft.), 
the sack-borer brought up a piece of tubbing-flange. The borer 
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was raised and investigations made with a claw-dredge. As a 
result several more pieces of iron were found, indicating some 
material damage to the lower portion of the shaft-lining and 
the impossibility of sinking it any further. Although the last 
25 m. (82 ft.) of shaft had been in fairly hard clay, unwatering 
was delayed in order to ascertain the extent of the damage 
and whether it would be feasible to continue the work by 
hand. 

The shaft was therefore filled with sand to within 80 m. 
(262 ft.) of the surface and an attempt made to pump in liquid 
cement through the perforated circular channel provided for 
the pressure water, in the hope that it might fill all open spaces 
in the clay and so prevent further injury to the lining. Also, two 
bore-holes were put down through the concrete in the annular 
space between the two drop-shafts. Through these holes cement 
was pumped until it rose above the ring of concrete left between 
the two drop-shafts; that is, at the bottom of the first iron 
drop-3haft. After the cement had hardened, the shaft was 
unwatered and the work of removing the sand begun. At 
88 m. (289 ft.) the flow of water was 6 1. (1.6 galls.) per minute. 
At 87 m. (285 ft.) more cement grouting had been injected 
until it again rose in the annular space above the concrete plug. 

The first damage was noted at 97 m. (318 ft.), in a segment 
of the twenty-second ring above the shoe. This was on the 
westerly side of the shaft, the circular cross-section having been 
deformed into an oval, with a difference between the two diam- 
eters of 380 mm. (14.8 ins.). The damage was identical with 
that already described in another case, and the vertical crack 
on the west side was followed by a similar one on the east. 
To prevent further crushing, a set of inside tubbing-rings, 5.73 m. 
(18.8 ft.) clear diameter and 50 mm. (1.95 in.) thick, was in- 
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serted, the space between the two linings being carefully filled 
with concrete. Five of these new rings were put in, from 105.75 
m. up to 96.75 m. (347 to 317 ft.) below the surface. They 
were provided with outside cement ribs, projecting 15 mm. 
(0.58 m.), and concrete was carefully compacted behind them, 
to secure a reliable junction with the drop-shaft. The sand 
in the shaft was then removed in IJ-m. (4.9 ft.) sections, an 
additional tubbing-ring being bolted each time underneath the 
inner set and the space behind it filled with grouting through 
openings left for that purpose. 

Continuing in this way, sixteen rings had been installed 
by the end of June, 1904, reaching to a depth of 120.75 m. 
(396 ft.). During this work cement was injected behind the 
injured rings of the outer lining, at depths of 102 and 106 m. 
(334 and 347 ft.). The flow of water varied between 12.25 
and 17.25 1. (3.2 and 4.5 galls.) per minute, but increased after 
the'last grouting at 106 m. (348 ft.) to 21.46 1. (5.7 galls.) per 
minute, so that satisfactory results from the grouting can 
scarcely be claimed. Towards, the latter part of June, at 120.75 
m. (396 ft.), the flow amounted to 76 1. (20 galls.) per minute, 
and at the same time a gradual rising of the shaft bottom 
became noticeable. At 121 m. (397 ft.) more cement grouting 
was forced behind the walls, and the shaft then allowed 
to fill with water, as a break in the bottom was feared which 
would have been disastrous to the damaged portion of the 
lining. 

The sand and clay were then removed by boring under water, 
to the depth of one meter below the shoe, and a concrete plug, 
which reached up to the 121-m. (397-ft.) mark, was put in. 
After this has hardened, and towards the end of 1904, it is 
proposed to sink through it by hand, supporting the shaft 
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walls by suspended tubbing. A successful termination of this 
work is anticipated, because, where carried on in the dam- 
aged part of the lining, it will be protected by the concrete 
plug below. It is expected, moreover, that below the drop- 
shaft the sinking can be continued through the clay by hand- 
work. 

5. The New Shaft of the ''Thiederhall" Potash-mine, at 

Thiede, near Brunswick. 

The first shaft of this company was put down under great 
difficulties, mainly because of the thick beds of overlying sand 
and loose water-bearing soils. It was started by the Haase 
process of sinking, which consists in driving vertically a circular 
series of wrought-iron pipes, set side by side and supported by 
interlocking guides to prevent deviation. The pipes in this case 
were 140 mm. (5.47 ins.) inside diameter by 110 mm. (43 ins.) 
thick. ^ The process proved unsuccessful. Some of the pipes 
diverged outwards, others inwards, into the area of the shaft. 
A drop-shaft was therefore started inside of the ring of 
pipes. It consisted of machined cast-iron tubbing, with a 
cast-iron shoe, whose cutting edge was formed by a steel ring 
applied to the outside of the shoe. This was the first trial of 
this construction, which was suggested by Haniel & Lueg. 

The work of sinking this shaft was begun in the early eighties 
of the last century. At first it progressed satisfactorily by 
the use of hydraulic jacks operated by hand, automatic jacks 
for this service being yet unknown. But difficulties soon arose, 
as the shoe encountered the Haase pipes and was obstructed 
by them. Five of the pipes were cut through without damage 
to the shoe, but segments of some of the shaft-rings were 
crushed and fragments of them forced into the shaft. 
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After experiencing many difficulties, the Chaudron method 
of sinking was eventually adopted and the shaft completed, 
though with a net diameter of only 2.8 m. (9.2 ft.)- It is wor- 
thy of note that this was the first instance where a moss-box 
connection was attempted and successfully carried out in a 
rock-salt deposit. 

The conditions existing where the new shaft was begun 
were more favorable, although some 46 m. (151 ft.) of sand and 
unstable, water-bearing ground occurred in the upper part of 
the formation, as follows : 

0-1.0 m. ( 0- 3.3 ft.) surface soil and clay 

1. 0- 6.0 m. ( 3.3- 19.7ft.). ... coarse gravel 

6. 0-30.0 m. ( 19.7- 98 ft.) fine sand with boulders 

30. 0-30.5 m. ( 98- 99 ft.) clay 

30. 5-46.11 m. ( 99- 151 ft.) fine sand and boulders 

46. 11 m.(151 ft ) clay 

Haniel & Lueg recommended starting with a masonry drop- 
shaft and continuing the work with an iron drop-shaft and 
hydraulic jacks. 

The first sod was turned March 12, 1901, and by March 
25th the ground-water was reached at 6 m. (19.7 ft.). This 
preliminary excavation was walled with masonry 11.5 m. (38 ft.) 
in the clear, both for safety and to serve as a guide for the 
masonry drop-shaft. The walling was finished April 6th, the 
timber head-frame a month later, and sinking was resumed on 
May 7th. The cast-iron shoe for the drop-shaft was .first laid, 
upon which the wall was started three bricks thick. Lowering 
began May 25th, the material being excavated with a claw- 
dredge and hoisting-engine. 

By June 25th a depth of 22J m. (74 ft.) was reached without 
incident, and a 3.5-m. (11.5 ft.) concrete plug put in the bot- 
tom. This was allowed to harden from July 5th to August 11th 
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and the shaft was unwatered between the 12th and 14th. 
Everjrthing being in good shape, the anchorage-bolts and pres- 
sure-ring for the hydraulic jacks (patent No. 91,572) were 
immediately installed. The cast-iron drop-shaft, 6.4 m. (21 ft.) 
clear diameter, was next begun, with a cast-steel shoe 70 mm. 
(2.75 ins.) thick, strengthened by a 30-mm. (1.2 in.) steel band. 
The walls of the shaft were 65 mm. (2.5 ins.) thick, each ring 
being composed of twelve segments. 

By September 27th all was in readiness, the shoe resting 
on the concrete plug at a depth of 18.34 m. (60 ft.). While 
this work was under way, the engines, boilers, and shaft-boring 
plant were in process of erection and were completed October 29, 

1901. Boring was started October 30th with a 4.2-m. (13.78-ft.) 
trepan, and the concrete plug was cut through by November 9th. 
The ring of concrete remaining under the shoe was readily broken 
out, and virgin ground below the concrete reached on Novem- 
ber 21st. Sinking with a claw-dredge was resumed and pro- 
gressed without difficulty. On January 8, 1902, the drop-shaft 
encountered clay at 46.11 m. (151 ft. ) and stuck fast February 20, 

1902, at 53 m. (174 ft.), the shoe bemg embedded some 7 m. 
(23 ft.) in the clay. 

The work of the drop-shaft was thus practically finished, 
nothing remaining but unwatering and calking the joints. The 
final junction with the underlying strata will be made in the 
usual way with a masonry footing and closing-ring. 

Between November 21, 1901, and January 8, 1902, in sink- 
mg through sand, 18 rings, or 27 m. (88 ft.) of lining were put 
in; and of these forty-five days, only twenty-five were ex- 
pended on the actual shaft-sinking, the other twenty being 
occupied by miscellaneous work and repairs on the dredging 
apparatus, pressure-pumps, etc. The daily advance, while 
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work was actually in progress, amounted to 1.08 m. (3.54 ft.) 
per twenty-four hours, and including all delays to 0.60 m. 
(1.97 ft.) per twenty-four hours. 

6. Sinking op Shafts Nos. 4 and 5 op the Rhein preussen 
Colliery, at Romberg on the Rhine. 

The operations at all of the Rheinpreussen shafts have been 
important factors in the development of the various methods 
of anking. This company was the first to attempt sinking 
through the heavy quicksands on the left side of the Rhine, 
the earlier ventures dating back to 1857. Shafts Nos. 1 and 2 
were put down by the then superintendent Hochstrate, under 
difficulties calling for the highest efficiency, energy, and in- 
genuity of all concerned. Suitable methods and appliances, 
as well as previous experience in such work, were all lacking. 
For this reason it took twenty years to complete Shaft No. 1 
and thirteen years for No 2. Vols. XI, XVII, XX, XXIII, 
and XXVII of the "Zeitschrift für das Berg-, Hütten- und 
Salinenwesen im Preussischen Staate'' contain the details of 
these operations. 

The history of Shaft No. 3, sunk by Manager Pattberg be- 
tween 1892 and 1895, shows plainly the advance in methods 
and equipment since the first shafts were completed. It took 
somewhat more than three years to get through the quick- 
sands. The hydraulic-jack plant (patent No. 91,572) was first 
used for this shaft, and the excavated material raised by means 
of sack-borers and claw-dredges. This work was described by 
Bergrath Lücke, of Aix-la-Chapelle, in Vol. XLIX of the 
'' Zeitschrift für das Berg-, Hütten- und Salinenwesen im Preus- 
sischen Staate". It clearly demonstrated the superiority of 
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accurately machined cast-iron tubbmg-rings over the rough 
ones or the plate-metal linings used in Shafts Nos. 1 and 2. At 
the close of his article the author dwells particularly on this 
point. 

In sinking Shafts Nos. 4 and 5, all of the data and results 
secured at Shaft No. 3, as well as information from other sources, 
were carefully weighed and considered, especially as the diluvial 
and Tertiary formations were to be expected between the sur- 
face and the solid Carboniferous strata, which were some 160 m. 
(525 ft.) in depth. 

The dimensions and equipment of both shafts were identical, 
in order to have all parts interchangeable. Both were started 
with masonry drop-shafts, 8.9 m. (29 ft.) in the clear, and 
continued to depths of 17 and 20 m. (56 and 66 ft.) by that 
means. Then concrete plugs were put in preparatory to install- 
ing the anchor-ring and bolts for the hydraulic- jack apparatus, 
which was designed for exerting a pressure of 3000 tons. Mean- 
time the shafts were narrowed down by the masonry linings 
to an inside diameter of 7.85 m. (25.75 ft.). Next was begun 
the construction of composite drop-shafts, which measured 
7,8 m. (25.6 ft.) outside and 6.5 m. (21.3 ft.) inside diameter, 
clear of the reinforcing-rings. These were sunk to a depth of 
60.5 m. (198 ft.) m Shaft No. 4 and 74.5 m. (244 ft.) m Shaft 
No. 5. 

Pattberg's drop-drill, or trepan, which has already been 
described, was used to much advantage in sinking these shafts. 
The concrete plug in the bottom of Shaft No. 4 was pierced in 
six days, or 0.5 m. (1.64 ft.) per twenty-four hours. The dis- 
tance from the top of the concrete to a depth of 60.5 m. (198 ft.) 
was accomplished in thirty-four days' time, an average advance 
of 1.38 m. (4.5 ft.) per day. The experience thus gained was 
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immediately applied in Shaft No. 5, which meantime had been 
left standing. Speed here was increased, the progress in con- 
crete being 0.81 m. (2.66 ft.) and in virgin ground 1.52 m. (5 ft.) 
per day. 

The important features of the new method of boring were: 
the short drop of 200-300 mm. (78.-11.75 ins.), the high speed: 
of 60 strokes per minute, and the use of water-jets to^clear 
away the drillings. These were raised by compressed-air pumps, 
with very satisfactory results. Fig. 18 illustrates the trepan 
used, which was built by Haniel & Lueg according to designs 
of Pattberg. At times the work of installing the tubbing and 
masonry could not keep pace with the drilling, which had there- 
fore to be delayed in order to allow the other work to catch 
up. Advances of 5 m. (16.4 ft.) per twenty-four hours were 
sometimes made in these shafts of 7.8 m. (25.6 ft.) diameter. 

The hope that the use of the drop-drill would prevent devia- 
tions from the vertical was fully realized. Both of these 
shafts were absolutely vertical, and the lining perfectly free 
from cracks or other damage. The new method of using 
combined masonry and iron linings has also been a complete 
success. 

At the end of the first stage of the work of sinking both 
shafts were filled 20 m. (66 ft.) deep with gravel, with the idea of 
obviating the use of a concrete plug, while still being able to 
remove the water preparatory to installing the iron drop-shafts. 
This resulted satisfactorily, as the lower strata traversed had 
proved to be rather more clayey than loose. 

Unfortunately the thickness of only one compound drop-" 
shaft was provided for in choosing the initial diameters, as the 
new method had never before been tested. For further ad- 
vance two plain iron drop-shafts were projected. These were 
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therefore made 5.9 m. (18.35 ft.) inside diameter, with walls 
90 mm. (3.5 ins.) in thickness and steel shoes with steel strength- 
ening-bands and flanges for the future suspending of tubbing- 
rings. One of them, in Shaft No. 4, reached a depth of 93 m. 
(305 ft.), but could not be forced any deeper. As the shoe 
was well embedded in hard clay, the shaft was unwatered, in 
order to continue work in the bottomi by hand. But the ground 
was still too soft to permit of sinking with suspended tubbing. 
Another short drop-shaft, 5.4 m. (17.7 ft.) diameter, was there- 
fore lowered and a heavy staging constructed just above it 
in the 5.9 m. (18.35 ft.) lining, as a base for the hydraulic 
jacks. Sinking was continued by hand, so that on February 18, 
1903, hard ground was finally reached at a total depth of 132 m 
(433 ft.), the entire work being brought to a successful com- 
pletion in a little less *than two years' time. 

The water-tight connection at the bottom was effected by 
suspending from the drop-shaft shoe 13 tubbing-rings, each 
500 mm. (1.64 ft.) high, which ultimately rested at 139 m. 
(456 ft.) on a wedging-crib. After the permanent lining had 
been completed, sinking was continued in the Carboniferous 
formation with a clear diameter of 5.5 m. (18 ft.), the masonry 
walling being 2| bricks thick. 

The procedure at Shaft No. 5 was similar to the above. In 
May, 1902, the 5.9 m. (18.35 ft.) drop-shaft shoe was placed 
in position at a depth of 43 m. (141 ft.) and the shaft-Uning 
was built up to the surface and capped with the pressure-ring 
and hydraulic jacks. In September the work of forcing down 
the lining began, and in March, 1903, the shoe reached a depth 
of 96 m. (315 ft.). Here it stuck fast, as in the case of No. 4 
Shaft, so that gravel was filled in to the 76 m. (249 ft.) level 
and the water removed. 
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At this point a new shoe was laid| upon which a drop-shaft 
5.3 m. (17.4 ft.) inside and 5.66 m. (18.56 ft.) outside diameter 
was built up to the surface. Boring and smking were resiuned 
towards the end of August. At 104.5 m. (343 ft.) the drop- 
shaft stuck fast; after traversing a considerable depth of clay, 
and was then pumped out. As it was somewhat deformed 
in the lower part; it became advisable to reinforce it for a height 
of 10 m. (32.8 ft.) with masonry 2J bricks thick, after which 
it was sunk to 118.9 m. (390 ft.). 

A third iron drop-shaft, 4.7 m. (15.4 ft.) clear diameter, 
was installed in November, 1903, and reached the Carboniferous 
formation on April 1, 1904, at a depth of 155 m. (508 ft.), the 
excavation being carried on by hand. A permanent water- 
tight connection was then made in a manner similar to that 
which had been successfully used in Shaft No. 4. 
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Apprecht, Manager, 8 
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Empelde» shaft at» 102 
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Gebhardt, L., 104, 111 
Gemeinschaft Field, Vereinigungs- 

Ges., Kohlschdd, shaft for, 131 
Geological seotions, 31, 39, 41, 47, 53, 

57, 62, 102, 111, 166 
Georg-Marien-Hütte shafts, 4^ 81 
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62 
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Grotenrath, P., 135 
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HiUenblinck, H., 135 

Hinselmann, Supt., 149 

Hochstrate, Supt., 168 
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Jacobi, Director, 158 
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Kali-Werke Benthe Shaft, 27 
Kind-Chaudron system of sinking, 
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by, 90 
Kochendorf , operations at, 51 
Kocks, Director, 158 
Koehne, Bergassessor, 12 
Kohlscheid, operations at, 131, 153 
Königliche Wurtemburgischen Saline, 

shaft for, 51; formation passed 

through, 53 ; costs of, 53-55 



La Houve Mine, shaft for, 37 
Lead packing for tubbing, 6, 70, 73, 
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Limburg mining district, shafts in, 

15Sl 
Lining for shafta, 18, 23, 24, 29, 30, 

35, 43, 47, 49, 59, 74, 79, 161 
Liquid cement, use of, 76, 77, 163, 

164 
Liidce, Bergra^^ 168 
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Machined joints for tubbing. 6, 8 

Magnesia cement, 36, 80 

Magnesium chloride solution for frees- 
ing, 107 

Mammoth pumps, 131, ld3| 154, 162 

Maiie Mine Sh^t, 120 

Mecklenburgische KalisalKwerke sink- 
ing by, 31 

Moss-box, for shaft lining, 23, 25, 53, 
54, 69, 75, 8O9 166; sectionalized^ 
for shaft lining, 29 

N 

Naderho^, General Manager, 60 
Nordstern Mine, 155 
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Oelsburg, shaft at, 4, 155 
Orange-Nassau mining district, 155 



Pattberg, Manager, 148. 154, 168 

Pattberg's drill, 169, 171 

Piping for freezing process, 104, 105, 
112, 132; deflection of pipes, 125, 
133, 135; accidents to, 135 

Plumbing freezing pipes, 132 

Pneumatic feed regulator for operat- 
ing trepans, 154, 156 

Pneumatic jacks, 157 

Poetsch, F. H., 98; freezing process, 
31, 32, 97, 99 

Powder, compressed, use of, 107 



Pressure rings, for hydraulic jacks, 
102, 103, 15d, 167 

Pieussen Mine» Shaft No. 1, 29, 30; 
Shaft No. 2, 46. 

Priestman dredge, 103 

Provistonid lining for shafts, 35, 43, 
48, 49, 58, 59, 74 

Pulsometer pump, 2, 62 124 

Pumps: Cornish, 1; oompressed air, 
1, 170; mammoth, 131, 153, 154, 
162; pulsometer, 2, 62, 124; sink- 
ing pump, 1 
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Randebrock, Bergassessor, 10 
Refrigemting plant, 104, 106, 113, 

127, 132 
Rheinpreussen shafts, 149, 153, 168 
Rocknsalt, water-tight joint in, 37, 50 
Ronnenberg shafts, 78, 123 
Rubber packing for lining rings, 87 
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Sack-borer, 131, 141, 15Q, 152, 159, 

162, 168 
Sassenberg and Clermont, 150, 160, 

161 
Schamhorst Shaft, 46 
Schieferkaute Shaft, 101 
Schmidt, F., 98, 99 
Schulz-Briesen« General Manager, 27 
Shaft-boring and lining at great 

depths, 81 
Shoe, for drop-shafts, 103, 120, 143, 

148, 158, 159, 161, 163, 167, 173 
Siemens, W., 153 

Sinking pmnps, Cornish and direct- 
acting, 1 
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Sterkrade Shaft» 157 
Stratameter, accuracy of, 132 
Stuffing-box, for shaft lining, 4 
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Tap-hoks in shaft-liiiixig, 77 

Tapping off water through bore-hole, 
60 

Thiederhall Fotaah Mine, shaft for, 165 

Tonuon, General Manager, 28, 29, 81 

Tomson water-hoigt, 2. 45 

Trenkel, shift boss, 116 

Trepans f<» boring, 13, 21» 36, 42, 49, 
63, 66, 73, 74, 170, 171; accidents 
to, 66, 74, 80; pneumatic feed 
regulator for, 164 

Tubbing, 29, 31, 67, 60, 73, 80, 110, 
116^ 161, 164 ; suspended tubbing, 
7, 79, 110, 166, 173; English tub- 
bing, 8, 41 ; German tubbing, 8, 31 ; 
concreting behind, 24; Sassenberg's 
modification of, 161 ; Hinseknann's 
modification, 149 



Ü 



Unger, M., 136 



Victor Bfine, shaft of, 37 



W 



Water-jetting apparatus for sinking 

shafts, 141, 170, 171 
Water-skips, 69 
Water-tight connection in rock-salt* 

37,50 
Wedging crib, 31, 42, 67, 79, 104 

110, 116, 116, 119, 128 
Westphalian collieries, shafts for, 29 
Wiesmann, Bergmeister, 10 
Wilhehnshall Shaft, Oelsburg, 4 
Wintershall Shaft, 2 



Zeche ZoUem Mine, Shafts Nos. 1 
and 2, 7, 79 
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Skeleton Construction in BuiMings St'O, 

Briggs's Modem American School Buildings. 8vo, 

Byrne's Inspection of Material and Worinanship Employed in Construction. 

i6mo. 

Carpenter's Heating and Ventilating of Buildings 8vo, 
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^ CorthclTs Allowable Pressure on Deep Foundations lamo, x 25 

Frtitag's Architectural Engineering 8vo 3 50 

Fireproofing of Steel Buildings 8to, 2 50 

French and Ives's Stereotomy. 8vu, a 50 

Gerhard's Guide to Sanitary House-Inspection z6mo, z 00 

* Modem Baths and Bath Houses 8vo, 3 00 

Sanitation of Public Buildings lamo, i 50 

Theatre Fires and Panics. zamo, z 50 

HoUey and Ladd's Analysis of Mixed Paints, Color Pigments, and Varnishes 

Large zamo, a So 

Johnson's Statics by Algebraic and Graphic Methods 8to, a 00 

KeiOaway's Bow to Lay Oat Suburban Hiome Gnrands 8vo, 2 oo 

Kidder's Architects' and Builders' Pocket-book z6mo, mor., 5 oo> 

Maire's Modem Pigments and their Vehicles zamo, 2 oo* 

ttterriU's ITon-metallic Minerals: Their Occurrence and Uses 8yo, 4 00* 

Stones for Building and Decoration 8vo, 5 o» 

Monckton's Stair-building 4to, 4 oa 

Patton's Practical Treatise on Foundations 8yo, 5 00 

Peabody's Naval Architecture '.8vo, 7 50 

Rice's Concrete-block Manufacture 8vo, a oa 

Ridley's Handbook for Superintendents of Construction z6mo, mor., 4 oo 

* Building Mechanics' Ready Reference Book : 

* Building Foreman's Pocket Book and Ready Reference. (In 

Preparation). 

* Carpenters' and Woodworkers' Edition x6mo, mor. i 5a 

* Cement Workers and Plasterer's Edition i6mo, mor. z 50 

* Plumbers', Steam-Filters', and Tinners' Edition i6mo, mor. z 50 

* Stone- and Brick-masons' Edition x6mo, mor. z 50 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 oo 

Sichert and Biggin's Modem Stone-cutting and Masonry 8vo, z 50 

Snow's Principal Species of Wood 8vo, 3 50 

Towne's Locks and Builders' Hardware z8mo, mor. 3 oa 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 

Law of Contracts 8vo, 3 00 

Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 5 00 

Sheep, 5 50 

Wilson's Air Conditioning zamo, z 50 

Worcester and Atkinson's Small Hospitals, Establishment and Maintenance, 
Suggestions for Hospital Architecture, with Plans for a Small Hospital. 

zamo, z 25 



ARMY AND NAVY. 

Bemadou's Smokeless Powder, Nitro-cellulose, and the Theory of the Cellulose 

Molecule zamo. 

Chase's Art of Pattern Making zamo. 

Screw Propellers and Marine Propulsion 8vo, 

Cloke's Gunner's Examiner 8vo, 

Craig's Azimuth 4to, 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 

* Davis's Elements of Law 8vo, 

* Treatise on the Military Law of United States. 8vo, 

^ Sheep, 

De Brack's Cavalry Outpost Duties. (Carr.) a4mo, mor. 

* Dudley's Military Law and the Procedure of Courts-martiaL . . Large zamo, 
Durand's Resistance and Propulsion of Ships. • • 8vo, 
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* Dyer's Handbook of Light Artillery zamo, 

Eissler's Modern High Explosives 8vo, 

* Fiebeger's Text-book on Field Fortification Large zamo, 

Hamilton and Bond's The Gunner's Catechism z8mo, 

* Hoff's Elementary Naval Tactics 8vo, 

Ingalls's Handbook of Problems in Direct Fire 8vo, 

* Lissak's Ordnance and Gunnery 8vo, 

* Ludlow's Logarithmic and Trigonometric Tables 8vo, 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and n..8vo, each, 

* Mahan's Permanent Fortifications. (Mercur.) 8vo, half mor. 

Manual for Courts-martiaL z6mo, mor. 

* Mercur's Attack of Fortified Places zamo, 

* Elements of the Art of War 8vo, 

Metcalf's Cost of Manufactures — And the Administration of Workshops. .8vo, 

* Ordnance and Gunnery, a vols Text zamo, Plates atlas form 

Nixon's Adjutants' Manual a4mo, 

Peabody's Naval Architecture 8vo, 

* Phelps's Practical Marine Surveying 8vo, 

Powell's Army Officer's Examiner , zamo, 

"Sharpe's Art of Subsisting Armies in War z8mo, mor. 

* Tupes and Poole's Manual of Bayonet Exercises and Musketry Fencing. 

a4mo, leather, 

* Weaver's Military Explosives 8vo, 

WoodhuU's Notes on Military Hygiene zömo, 



ASSAYIlfG. 

Betts's Lead Refining by Electrolysis 8vo, 4 oa 

Fletcher's Practical Izistructions in Quantitative Assapng with the Blowpipe. 

* z6mo»mor. z 5« 

Furman's Manual of Practical Assaying 8vo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments .... 8vo, 3 00 

Low's Technical Methods of Ore Analysis 8vo, 3 00 

Miller's Cyanide Process zamo» z 00 

Manual of Assaying zamo, z 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo. ) zamo, a 50 

O'DriscoU's Notes on the Treatment of Gold Ores 8vo, a 00 

Ricketts and Miller's Notes on Assaying 8vo, 3 00 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 00 

Ulke's Modem Electrolytic Copper Refining 8vo, 3 00 

Wilson's Chlorination Process zamo, z 50 

Cyanide Pzocesses zamo, i 50 



ASTRONOMY. 

Comstock's Field Astronomy for Engineers 8vo,' a 50 

Craig's Azimuth 4to, 3 5© 

Crandall's Text-book on Geodesy and Least Squares 8vo, 3 00 

Doolittle's Treatise on Practical Astronomy 8vo, 4 00 

Gore's Elements of Geodesy 8vo» 2 50 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Merriman's Elements of Precise Surveying and Geodesy. 8vo, a 50 

* Michie and Harlow's Practical Astronomy .8vo, 3 00 

Rust's Ex-meridian Altitude, Azimuth and Star-Finding Tables. (In Press.) 

• White's Elements of Theoretical and Descriptive Astronomy zamo, a 00 

8 



CHEMISTRT. 



Abdeiluüden's Phjtiolocical Chemistry in Thirty Lecturet. ( EaO and DcCren). 
(In Pren.) 

* Abece's Theory of Electrolytic Dissociation, iron Ende.') X2mo 

Adriance's Laboratory CakulationB and Specific Gravity Tables. ismo 

AlexeyefTs General Principles of OxiB<uiic Syntheses. ( Matthews. ) 8vo 

Allen's Tables for Iron Analysis. 8to, 

Arnold's Compendium of Chemistry. (Mandel.) Large lamo 

Association of State and National Food and Dairy Departments, Hartford 
Meetinc, 1906 8vo 

Jamestown Meeting. 1907 8to 

Austen's Notes for Chemical Students Z2mo 

BaskenrUle's Chemical Elements. (In Preparation). 

Bemadou's Smokeless Powder. — Nitro-celhilose, and Theory of the CeDnloee 
Molecule zamo 

* Blanchard's Synthetic Inorganic Chemistry. zamOi 

* Kowning's Introduction to the Rarer Elements. Svo 

Brush and PenfieM's Manual of Determinative Mineralogy. 8vo 

* Claasten's Beet-sugar Manufacture. (Hall and Rolfe.) 8vo 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.). .8vo 
Cohn's Indicators and Test-papers. x2mo 

Tests and Reagents. 8vo 

* DanneeTs Electrochemistry. (Merriam.) lamo 

Duhem's Thermodynamics and Chemistry. (Burg e ss.) 8vo, 

Eakle's Mineral Tables for the Determination of Minerals by their Physical 

Properties 8vo 

Eissler's Modem High Explosives. Svo 

EfFront's Enzymes and their Appfications. (Prescott.) Svo 

Erdmann's Introduction to Chemical Preparations. (Dunlap.) i2mo, 

* Fiseher'b PlisrsiolDgy of AlimentatMm Large i2mo 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe 

x2mo, mor 

Fowler's Sewage Works Analyses z2mo 

Fresenius's Manual of Qualitative (Hiemical Analysis. (Wells.) 8vo 

Manual of Qualitative Chemical Analysis. Part L Descriptive. (Wells.) Svo 

Quantitative Chemical Analysis. (Cohn.) 2 vols. Svo 

When Sold Separately, VoL I. $6. VoL H. S8. 

Fuertes's Water and Public Health Z2mo 

Furman's Manual of Practical Assaying. Svo 

* Getman's Exercises in Physical Chemistry z2mo 

GilTs Gas and Fuel Analysis for Engineers. z2mo 

* Gooch and Browning's Outlines of Qualitative Chemical Analysis. 

Large lamo 

Gxotenfeh's Principles of Modem Dairy Practice. (WoU.) i2mo 

Groth's Introduction to Chemical Crystallography (Marshall) x2mo 

Hammarsten's Text-book of Physiological Chemistry. (MandeL) Svo 

Hanauaek's Micansoopy of Technical Products. (Wintim. ) svo 

* Hankins and Madeod's Organic Chemistry i2mo 

Helm's Principles of Mathematical Chemistry. (Morgan.) x2mo 

Hoing's Ready Reference Tables (Conversion Factors) z6mo, mor. 

* Merrick's Denatured or Industrial Alcohol Svo 

Hinds's Inorganic Chemistry. Svo 

* Laboratory Manual for Students i2m6 

* HoOeman's Laboratory Manual of Organic Chemistry for Beginners. 

(Walker.) Z2mo 

Text-book of Inorganic Chemistry. fCooper.) Svo 

Text-book of Organic Chemistry. (Walker and Mott) Svo 

HiollQr and Ladd's Analjrsis of Mixed Paints, Cokn^ Pigments, and Vamishes. 

Large lamo 
4 
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Hopkins's Oil-chemists' Handbook 8yo, 3 00 

Iddings's Rock Minerals 8vo, 5 00 

Jackson's Directions for Laboratory Work in Physiological* Chemistry . .8vo, i 25 

johanaseii's Deteimination of Rock-foimixif Minerals in Thin Sections.. .8vo, 4 00 

Keep's Cast Iron 8to, 2 5a 

Ladd's Manual of Quantitative Chemical Analysis i2mo, i oa 

i..andauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

* i^ingwurthy and Austen's Occurrence of Aluminium in Vegetable Prod- 

ucts, Animal Products, and Natural Waters 8yo, 2 o» 

Lassar-Cohn's Application of Some General Reactions to Investigations in 

Organic Chemistry. (Tingle.) z2mo, z oo- 

Leach's Inspection and Analysis of Food with Special Reference to State 

Control 8vo, 7 sa 

Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 3 oo> 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments. .. .8vo, 3 oo- 

Low's Technical Method of Ore Analysis 8vo» 3 oo- 

Lunge's Techno-chemical Analysis. (Cohn.) z2mo i 00 

* McKay and Larsen's Principles and Practice of Butter-making Svo, x 50- 

Maire's Modem Pigments and their Vehicles i2mo, 2 00 

Mandel's Handbook for Bio-chemical Laboratory i2mo, i 50- 

* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe. . X2mo, 60 , 
Mason's Examination of Water. (Chemical and BacteriologicaL). . ..i2mo, i 25 

Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8vo, 4 00 

Matthews's The Textile Fibres. 2d Edition, Rewritten 8vo, 4 00 

Meyer's Determination of Radicles in Carbon Compounds. (Tingle.). .i2mo, i oo- 

Miller's Cyanide Process z2mo, i oo- 

Manual of Assaying i2mo, z 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.) . . . . i2mo, 2 50* 

Mixter's Elementary Text-book of Chemistry. z2mo, z 50 

Morgan's Elements of Phjrsical Chemistry x2mo, 3 co^ 

Outline of the Theory of Solutions and its Results x2mo, i oa 

* Physical Chemistry for Electrical Engineers i2mo, i 50 

Morse's Calculations used in Cane-sugar Factories. i6mo, mor. i 50 

* Mulr's History of Chemical Theories and Laws .8vo, 4 00 

Mulliken's General Method for the Identification of Pure Organic Compounds. 

VoL I Large 8vo, 5 00 

O'Driscoll's Notes on the Treatment of Gold Ores. 8vo, 2 00 

Ostwald's Conversations on Chemistry. Part One. (Ramsey.) x2mo, i 50 

" " " " Part Two. (TurnbulL) i2mo, 200 

* Palmer's Practical Test Book of Chemistry z2mo, i 00 

* Pauli's Phjrsical Chemistry in the Service of Medicine. (Fischer. ) . . . . i2mo, i 25 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

8vo, paper, 50 
Tables of Minerals, Including the Use of Minerals and Statistics of 

Domestic Production 8vo, i oo 

Pictet's Alkaloids and their Chemical Constitution. (Biddle.) 8vo, 5 00 

Poole's Calorific Power of Fuels 8vo, 3 00 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis i2mo, i 50 

* Reisig's Guide to Piece-dyeing 8vo, 25 00 

Richards and Woodman's Air, Water, and Food from a Sanitary Standpoint. .8 vo , 2 00 

Ricketts and Miller's Notes on Assaying 8vo, 3 00 

Rideal's Disinfection and the Preservation of Food 8vo, 4 00 

Sewage and the Bacterial Purification of Sewage 8vo, 4 00 

Riggs's Elementary Manual for the Chemical Laboratory 8vo, z 25 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 00 

Ruddiman's Incompatibilities in Prescriptions 8vo, 2 00 

Whys in Pharmacy r2mo, z 00 

5 



Ruer's Elements of Metallogniphy. (Mathewson). (In Preparation.) 

' Sabin's Industrial and Artistic Technology of Paints and Varnish. Svo, 3 00 

Salkowski's Physiological and Pathological Chemistry. (Omdorff.) 8vo, 2 50 

Schimpfs Essentials of 'Volumetric Analysis xamo, i 25 

* Qualitative Chemical Analysis 8vo, i 25 

Text-book of Volumetric Analysis i2mo, 2 50 

Smith's Lecture Notes on Chemistry for Dental Students 8vo, 2 50 

Spencer's Handbook for Cane Sugar Manufacturers i6mo, mor. 3 00 

Handbook for Chemists of Beet-sugar Houses i6mo, mor. 3 00 

Stockbridge's Rocks and Soils 8vo, 2 50 

* Tillman's Descriptive General Chemistry 8vo, 3 00 

* Elementary Lessons in Heat 8vo, x 50 

Treadwell's Qualitative Analysis. (Hall.) 8vo, 3 00 

Quantitative Analirsis. (Hall.) 8vo, 4 00 

Tumeaure and Russell's Public Water-supplies 8vo, 5 00 

Van Deventer's Physical Chemistry for Beginners. (Boltwood.) i2mo, i 50 

Venable's Methods and Devices for Bacterial Treatment of Sewage 8vo, 3 00 

Ward and Whipple's Freshwater Biology. (In Press.) 

Ware's Beet-sugar Manufacture and Refining. Vol. I Small 8vo, 4 00 

Vol. II SmallSvo, 5 co 

Washington's Manual of the Chemical Analysis of Rocks. 8vo, 2 00 

* Weaver's Military Explosives 8vo, 3 00 

Wells's Laboratory Guide in Qualitative Chemical Analysis 8vo, i 50 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 

Students x2mo, i 50 

Text-book of Chemical Arithmetic X2mo, x 25 

Whipple's Microscopy of Drinking-water 8vo, 3 50 

Wibon's Chlorination Process . x2ino x 53 

Cyanide Processes i2mo i 50 

Winton's Microscopy of Vegetable Foods 8vo 7 50 



CIVIL ENGINEERING. 

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OF ENGINEER- 
ING. RAILWAY ENGINEERING. 

Baker's Engineers' Surveying Instruments x2mo, 3 00 

Bixby's Graphical Computing Table Paper xq^ X 24! inches. 25 

Breed and Hosmer's Principles and Practice of Surveying 8vo, 3 00 

* Burr's Ancient and Modern Engineering and the Isthmian Canal 8vo, 3 50 

Comstock's Field Astronomy for Engineers 8vo, 2 50 

* Corthdl'8 Allowable Pressures on Deep Foundations i2mo, i 25 

Crandall's Text-book on Geodesy and Least Squares 8vo, 3 00 

Davis's Elevation and Stadia Tables ^ 8vo, i 00 

Elliott's Engineering for Land Drainage lamo, i 50 

Practical Farm Drainage x2mo, x 00 

*Fiebeger's Treatise on Civil Engineering 8vo, 5 00 

Flemer's Phototopographic Methods and Instruments 8vo, 5 00 

Folwell's Sewerage. (Designing and Maintenance.) 8vo, 3 00 

Freitag's Architectural Engineering 8vo, 3 50 

French and Ives's Stereotomy 8vo, 2 50 

Goodhue's Municipal Improvements - x2mo, i 50 

Gore's Elements of Geodesy 8vo, 2 50 

* Hauch and Rice's Tables of Quantities for Präiminary Estimates i2mo, x 25 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Bering's Ready Reference Tables (Conversion Factors) x6mo, mor. 2 50 

Howe's Retaining Walls for Earth i2mo, i as 

6 



* Ives's Adjustments of the Engineer's Transit and Level i6mo, Bds. 25 

Ives and Hilts's Problems in Surveying x6mo, mor. x 50 

Johnson's (J. B.) Theory and Practice of Surveying. . Small 8vo, 4 00 

Johnson's (L. J.) Statics by Algebraic and Graphic Methods 8vOi 2 00 

Kinnicutt, Winslow and Pratt's Purification of Sewage. (In Preparation). 
Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) 

z2mo, 2 00 

Mahan's Descriptive Geometry 8vo, x 50 

Treatise on Civil Engineering. (1873.) (Wood.) 8vo, 5 00 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 2 50 

Merriman and Brooks's Handbook for Surveyors z6mo, mor. 2 00 

Morrison's Elements of Highway Engineering. (In Press.) 

Nugent's Plane Surveying 8vo, 3 50 

Ogden's Sewer Design x2mo, 2 00 

Parsons's Disposal of Municipal Refuse 8vo, 2 00 

Patton's Treatise on Civil Engineering 8vo, half leather, 7 50 

Reed's Topographical Drawing and Sketching 4to, 5 00 

Rideal's Sewage and the Bacterial Purification of Sewage 8vo» 4 00 

Riemer'6 Shaft-sinking under Difficult Conditions. (Coming and Pede.) . .8vo, 3 00 

Siebert and Biggin's Modern Stone-cutting and Masonry 8vo, x 50 

Smith's Manual of Topographical Drawing. (McMillan«) 8vo, 2 50 

Soper's Air and Ventilation of Subways. (In Press.) 

Tracy's Plane Surveying l6mo, mor. 3 00 

* Trautwine's Civrl Engineer's Pocket-book. x6mo, mor. 5 00 

Venable's Garbage Crematories in America 8vo, 2 00 

Methods and Devices for Bacterial Treatment of Sewage.. 8vo, 3 00 

Wait's Engineering and Architectural Jiuisprudence 8vo, 6 00 

Sheep, 6 50 

Law of Contracts 8vo, 3 00 

Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 5 00 

Sheep, 5 .50 

Warren's Stereotomy — Problems in Stone-cutting 8vo, 2 50 

* Waterbury's Vest-Pocket Hand-book of Mathematics for Engineers. 

2} X5I inches, mor. i 00 
Webb's Problems In the Use and Adjustment of Engineering Instruments. 

i6mo, mor. i 25 

Wilson's Topographic Surveying 8vo, 3 50 

BRIDGES AND ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway Bridges. .8vo, 2 00 

Burr and Falk's Design and Construction of Metallic Bridges 8vo, 5 00 

Influence Lines for Bridge and Roof Computations 8vo, 3 00 

Du Bois's Mechanics of Engineering. Vol. U Small 4to, 10 00 

Foster's Treatise on Wooden Trestle Bridges 4to, 5 00 

Fowler's Ordinary Foundations 8vo, 3 50 

French and Ives's Stereotomy 8vo, 2 50 

Greene's Arches in Wood, Iron, and Stone 8vo, 2 50 

Bridge Trusses .8vo, 2 50 

Roof Trusses 8vo, i 25 

Grimm's Secondary Stresses in Bridge Trusses 8vo,. 2 50 

Heller's Stresses in Structures and the Accompanying Deformations. 8vo, 

Howe's Design of Simple Roof-trusses in Wood and SteeL 8vo, 2 00 

Symmetrical Masonry Arches 8vo, 2 50 

Treatise on Arches 8vo, 4 00 

Johnson, Bryan, and Turneaure's Theory and Practice in the Designing of 

Modem Framed Structures Small 4to, xo 00 

7 



Mecriman «nd Jacoby*« Text-book on Roofis and Bridges: 

Part L Sin ■iii i in Simple Tmsaes. 8to, 3 50 

P«rt TL Giaphic Statici^ 8to, 3 50 

Ftft m. Bridge Dcsicn 8to, 2 50 

Put IV. HJcfacr Stractares 8to, 3 50 

Moriaon's Memphis Bridge Oblong 4to, 10 00 

Sondericker's Gfaphic Statics, with AppHmticms to Tthsms, Beams, and Arches 

8vo, 3 00 

WaddelTs De Pontlbos, Pocket-book for Bridge Engineers i6nio. oor, 3 00 

* ^leciOcations for Steel Bridges. i3mo, 50 

Waddell and Harrington's Bridge Engineering. (In Preparation.) 

Wiigliff Designing of Draw-^ans. Two parts in one Tohune 8to, 3 50 



HYDRAULICS. 

s*s Ice Formation. 8vo, 3 00 

Bazln's Experiments upon the Contraction of the Liquid Vein Twoing from 

an Orifice. < Trantwine. ) 8to, 3 00 

BoTey's Treatise on Hydraulics. 8to, 5 00 

Church's Diagrams of Mean Velocity of Water in Open Channels. 

Oblong 4to, paper, i 50 

Hydraulic Motors. 8td, s 00 

Mfchsnirs of Engineering. 8to, 6 00 

Coffin's Graphical Solution ot Hydraulic Problems. i6mo, morocco, 3 50 * 

Flather's Dynamometers, and the Measurement of Power. i3mo, 3 00 

FohrelTs Water-supply Engineering. 8to, 4 00 

FrizelTs Water-power. 8to, 5 00 

Fuertes's Water and Pubfic Health. ismo, i 50 

Water-fittration Works. i3mo, 3 50 

GanguiBet and Sutter's General Formula for the Uniform Flow of Water in 

RiTers and Other Channels. (Hering and Trautwine. > 8iro, 4 00 

Haxea's Oeaa Water and How to Get It Large i2mo, i So 

Filtration of Public Water-supplies 8yo. 3 00 

Hazlehursf s Towers and Tanks for Water-works. 8to, 3 50 

HerschePs 115 Experiments on the Carrying Capacity of Large, Riveted, Metal 

Conduits. 8to, 3 00 

Hoyt and Grover's Rhrer Discharge.. 8to, 3 00 

Hobbaid and Kiastod'o Water-works Management and Mamtenaaoe 8vo. 4 00 

* Lyndon's Development and Electrical Distribution of Water Power Sro, 3 00 

Mason!s Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8to, 4 00 

Merriman's Treatise on Hydraulics. Svo, 5 00 

* Michie's Elements of Analytical Mechanics. 8to, 4 00 

Mofitor's Hydraulics of Rivers, Weirs and Sluices. < In Pres».) 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply. -^ Large 8vo, s 00 

* Thomas and Watt's Improvement of Rivers 4to, 6 00 

Tumeaure and RusselTs Public Water-supplies 8vo, 5 00 

Wegmann's Design and Construction of Dams. 5th Ed., enlarged 4to, 6 00 

Water-supply of the City of Hew York from 1658 to 1895. 4to, 10 00 

Whipple's Value of Pure Water Large ismo, i 00 

Wilfiams and Hazen's Hydraulic Tables. 8vo, r 50 

Wilson's Irrigation Engineering ^ Small 8vo, 4 00 

WoUTs Windmill as a Prime Mover. 8vo, 3 00 

Wood's Elements of Analytical Mechanics. 8vo, 3 00 

Turbines. 8vo, 3 50 
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MATERIALS OF ENGINEERING. 

Baker's Roads and Pavements 8to, 

Treatise on Ifasonry Construction ; 8vo, 

Birkmire'tt Architectural Iron and Steel 8vo, 

Compound Riveted Girders as Applied in Buildings 8vo, 

Black's United States Public Works Obk>ng 4to, 

Bleininger's Iffanufacture of Hydraulic Cement. (In Preparation.) 

* Bovey's Strength of Materials and Theory of Structures 8vo» 

Burr's Elasticity and Resistance of the Materials of Engineering 8vo, 

Byrne's Highway Construction 8vo» 

Inspection of the Materials and Workmanship Employed in Construction. 

x6mo, 

Church's Mechanics of Engineering 8vo, 

I>u Bois's Mechanics of Engineering. 

Vol. I. Kinematics, Statics, Kinetics Small 4to, 7 50 

VoL IL The Stresses in Framed Structures, Strength of Materials and 

Theory of Flexures Small 4to, 10 00 

^Eckel's Cements, Limes, and Plasters 8vo, 6 00 

Stone and Clay Products used in Engineering. (In Preparation.) 

Fowler's Ordinary Foundations. 8vo, 

-Graves's Forest Mensuration 8vo, 

Green's Principles of American Forestry i2mo, 

* Greene's Structural Mechanics 8vo, 

Holly and Ladd's Analysis of Mixed Paints, Color Pigments and Varnishes 

Large r2mo, 

Johnson's Materials of Construction Large 8vo, 

Xeep's Cast Iron. 8vo, 

Kidder's Architects and Builders' Pocket-book z6mo, 

Lanza's Applied Mechanics 8vo, 

Maire's Modern Pigments and their Vehicles lamo, 

Martens's Handbook on Testing Materials. (Henning.) 2 vols 8vo, 

Maurer's Technical Mechanics 8vo, 

Merrill's Stones for Building and Decoration 8vo, 

Merriman's Mechanics of Materials 8vo, 

* Strength of Materials i2mo, 

Metcalf' s Steel. A Manual for Steel-users i2mo, 

Patton's Practical Treatise on Foundations 8vo, 

Rice's Concrete Block Manufacture 8vo, 

Richardson's Modern Asphalt Pavements 8vo, 

Richey's Handbook for Superintendents of Co ^tr -cion z6mo, mor., 

* Ries's Clays: Their Occurrence, Properties, ana Jses 8vo, 

Sabin's Industrial and Artistic Technology of Paints ard Varnish 8vo, 

* Schwarz's Longleaf Pine in Virgin Forest i amo, 

Snow's Principal Species of Wood 8vo, 

Spalding's Hydraulic Cement i2mo, 

Text-book on Roads and Pavements i2mo, 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced 8vo, 

Thurston's Materials of Engineering. In Three Parts 8vo, 

Part I. Non-metallic Materials of Engineering and Metallurgy 8vo, 

Part n. Iron and Steel 8vo, 

Part in. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 

Tillson's Street Pavements and Paving Materials 8vo, 

Tumeaure and Maurer's Principles of Reinforced Concrete Construction.. Svo, 
Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber 8vo, 2 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

SteeL 8vo, 4 00 
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RAILWAY ElYGINEERIlf 6. 

Andrews's Handbook for Street Railway Engineers 3x5 inches, mor. i 25 

Berg's BuikUngs and Structures of American Railroads 4to, 5 00 

Brooks's Handbook of Street Railroad Location. x6mo, mor. i 50 

Butt* s Civil Engineer's Field-book i6mo, mor. 2 50 

Crandall's Railway and Other Earthwork Tables. Byo, 1 50 

Transition Curve i6mo, mor. i 50 

* Crockett's Methods for Earthwork Compatations 8vo, i 50 

Dawson's ''Engineering" and Electric Traction Pocket-book i6mo, mor. 5 00 

Dredge's History of the Pennsylvania Railroad: (1879) Paper, 5 00 

Fisher's Table of Cubic Yards Cardboard, 25 

Godwin's Railroad Engineers' Field-book and Explorers' Guide. . . i6mo, mor. 2 50 
Hudson's Tables for Calculating the Cubic Contents of Excavations and Em- 
bankment« 8vo, I 00 

Ives and Hilts's Problems in Survesring, Railroad Surveying and Geodesy 

i6mo, mor. i 50 

Molitor and Beard's Manual for Resident Engineers i6mo, x 00 

Nagle's Field Manual for Railroad Engineers i6mo, mor. 3 00 

Philbrick's Field Manual for Engineers i6mo, mor. 3 00 

Rasonond's Railroad Bngtneexing. 3 volumes. 

VoL I. Railroad Field Geometry. (In Preparation.) 

Vol. II. Elements of Railtdad Engineering 8vo, 3 50 

Vol III. Railroad Engineer's Field Book. (In Preparation.) 

Searles's Field Engineering i6mo, mor. 3 00 

Railroad SpiraL x6mo,.mor. x 50 

Taylor's Prismoidal Formulae and Earthwork r 8vo, x 50 

*Trautwine's Field Practice of Laying Out Circular Curves for Railroads. 

x2mo. mor, 2 50 

* Method of Calculating the Cubic Contents of Excavations and Embank- 

ments by the Aid of Diagrams 8vo, 2 00 

Webb's Economics of Railroad Construction Large i2mo, 2 50 

Railroad Construction i6mo, mor. 5 00 

Wellington's Economic Theory of the Location of Railways Small 8vo, 5 00 

DRAWING. 

Barr's Kinematics of Machinery 8vo, 

* Bartlett's Mechanical Drawing 8vo, 

* " " " Abridged Ed 8vo, 

Coolidge's Manual of Drawing 8vo, paper, 

CooUdge and Freeman's Elements of General Drafting for Mechanical Engi- 
neers Oblong 4to, 

■ Durley's Kinematics of Machines 8vo, 

Emch's Introduction to Projective Geometry and its Applications Svo, 

Hill's Text-book on Shades and Shadows, and Perspective 8vo, 

Jamison's Advanced Mechanical Drawing 8vo, 

Elements of Mechanical Drawing 8vo, 

Jones's Machine Design: 

Part L Kinematics of Machinery 8vo, 

Part n. Form, Strength, and Proportions of Parts 8vo, 

MacCord's Elements of Descriptive Geometry 8vo, 

Kinematics; or. Practical Mechanism 8vo, 

Mechanical Drawing 4to, 

Velocity Diagrams 8vo, 

McLeod's Descriptive Geometry « Large i2mo, 

* Mahan's Descriptive Geometry and Stone-cutting 8vo, 

Industrial Drawing. (Thompson.) 8vo, 

10 
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Moyer's Descriptive Geometry. 8to, 

Reed's Topographical Drawing and Sketching 4to, 

Reid*s Course in Mechanical Drawing 8vo, 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 

Robinson's Principles of Mechanism. Sto, 

Schwamb and Merrill's Elements of Mechanism Svo, 

Smith's (R. S.) Manual of Topographical Drawing. (McMillan.) 8vo, 

Smith (A. W.) and Marx's Machine Design. 8vo, 

* Titsworth's Elements of Mechanical Drawing Oblong 8yo, 

Warren's Drafting Instruments and Operations i2mo, 

Elements of Descriptive Geometry, Shadows, and Perspective 8vo, 

Elements of Machine Construction and Drawing .8vo, 

Elements of Plane and Solid Free-hand Geometrical Drawing.. . . . i . amo. 

General Problems of Shades and Shadows , 8vo, 

Manual of Elementary Problems in the Linear Perspective of Form and 

Shadow z2mo. 

Manual of Elementary Projection Drawing i2mo. 

Plane Problems in Elementary Geometry i2mo, 

Problems, Theorems, and Examples in Descriptive Geometry 8vo, 

Weisbach's Kinematics and Power of Transmission. (Hermann and 
Klein.) 8vo, 

Wilson's (H. M.) Topographic Surveying 8vo, 

Wilson's (V. T.) Free-hand Lettering 8vo, 

Free-hand Perspective 8vo, 

Woolf 's Elementary Course in Descriptive Geometry Large 8vo, 

• ELECTRICITY AND PHYSICS. 

''' Abegg's Theory of Electrolirtic Dissociation, (von Ende.) i2mo, 

Andrews's Hand-Book for Street Railway Engineering 3X5 inches, mor., 

Anthony and Brackett's Text-book of Physics. (Magie.) Large i2mo, 

Anthony's Lecture-notes on the Theory of Electrical Measurements. . . . i2mo, 

Benjamin's History of Electricity 8vo, 

Voltaic Cell 8vo, 

Betts's Lead Refining and Electrolysis 8vo, 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 

* Collins's Manual of Wireless Telegraphy i2mo, 

Mor. 
Crehore,and Squier's Polarizing Photo-chronograph 8vo, 

* Danneel's Electrochemistry. (Merriam.) i2mo, 

Dawson's "Engineering" and Electric Traction Pocket-book i6mo, mor 

Dolezalek's Theory of the Lead Accumulator (Storage Battery), (von Ende.) 

i2mo, 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 

Flather's Dynamometers, and the Measurement of Power x2mo, 

Gilbert's De Magnete. (Mottelay.) 8vo, 

* Hanchett's Alternating Currents. i2mo, 

Hering's Ready Reference Tables (Conversion Factors) i6mo, mor. 

Hobart and Ellis' s High-speed Dynamo Electric Machinery. (In Press.) 
Holman's Precision of Measurements 8vo, 

Telescopic Mirror-scale Method, Adjustments, and Tests Large 8vo, 

* Kanipetoff's Experimental Electrical Engineering 8vo, 

Kinzbrunner's Testing of Continuous-current Machines 8vo, 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 

Le Chatelier's High-temperature Measurements. (Boudouard — Burgess.) i2mo. 
Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 

* London's Development and Electrical Distribution of Water Power . . . .8vo, 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and 11. 8vo, each, 

* Michie's Elements of Wave Motion Relating to Sound and Light 8vo, 

11 
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Morgan's Gutline of the Theory of Sohitlon and its Results lamo, i oo 

* Physical Chemistry for Electrical Engineers zamo, x 50 

Ifiaudet's Elementary Treatise on Electric Batteries. (Fishback). . . .xamo. a 50 

* Nonls's Introdttction to the Study of Electrical Bngineeiing 8vo, a 50 

* Parshall and Hobart's Electric Machine Design 4to, half morocco, la 50 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large xamo, 3 50 

* Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbrunner.). . .8yo, a 00 

Ryan, Norris, and Hoxie's Electrical Machinery. VoL 1 8vo, a 50 

Sjhapper's Laboratory Guide for Students in Physical Chemistry lamo, i 00 

.Thurston's Stationary Steam-engines 8vo, a 50 

* Tillman's Elementary Lessons in Heat Svo, i 50 

Tory and Pitcher's Manual of Laboratory Physics. Large xamo, a 00 

Ulke's Modem Electrolytic Copper Refining 8vo, 3 00 

LAW. 

* Davis's Elements of Law 8vo, a 50 

* Treatise on the Military Law of United States. 8vo, 7 00 

* Sheep, 7 50 

* Dudley's Military Law and the Procedure of Courts-martial Large xamo, a 50 

Manual for Courts-martiaL i6mo, mor. i 50 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 

Law of Contracts 8vo, 3 00 

Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo 5 00 

Sheep, s 50 

MATHEMATICS. 

Baker's Elliptic Functions 8vo, i 50 

Briggs's Elements of Plane Analytic Geometry. (Böcher) xamo, i 00 

* Buchanan's Plane and Spherical Trigonometiy 8vo, i 00 

Byerley's Harmonic Functions 8vo, i 00 

Chandler's Elements of the Infinitesimal Calculus .* xamo, a 00 

Compton's Manual of Logarithmic Computations xamo, x 50 

Davis's Introduction to the Logic of Algebra 8vo, x 50 

* Dickson's College Algebra Large xamo, x 50 

* Introduction to the Theory of Algebraic Equations Large xamo, i as 

Emch's Introduction to Projective Geometry and its Applications 8vo, a 50 

Fiske's Functions of a Complex Variable Svo, i 00 

Halsted's Elementary Synthetic Geometry 8vo, x 50 

Elements of Geometry 8vo, i 75 

* Rational Geometry xamo, x 50 

Hyde's Grassmann's Space Analysis Svo, x 00 

"^ Jonnson's U B.) Three-place Logarithmic Tables: Vest-pocket size, paper, x5 

xoo copies, 5 00 

« Mounted on heavy cardboard, 8Xzo inches, as 

xo copies, a 00 

Johnson's (W. W.) Abridsed Editions of Differential and Integral Calculus 

Large xamo, x vol. a 50 

Curve Tracing in Cartesian Co-ordinates xamo, x 00 

Differential Equations 8vo, i 00 

Elementary Treatise t^n Differential Calculus. (In Press.) 

l!;it;m«ntary Treatise on the Integral Calculus Large xamo% i 50 

* Theoretical Mechanics xamo, 3 00 

Theory of Errors and the Method of Least Squares xamo, x 50 

Treatise on Differential Calculus Large xamo, 3 00 

Treatise on the Integral Calculus Large iamo> 3 00 

Treatise on Ordinary and Partial Differential Equations. . Large xamo, 3 50 

12 



l^ipUce's Philosophical Essay on Probabilities. (Truscott and Emory.)* xamo, 2 00 

* Ludlow and Bass's Elements of Trigonometry and Logarithmic and Other 

Tables 8vo, 3 00 

Trigonometry and Tables published separately Each, a 00 

* Ludlow's Logarithmic and Trigonometric Tables 8vo, i 00 

Macfarlane's Vector Analysis and Quaternions 8vo, i 00 

McMahon*s Hyperbolic Functions 8vo, i 00 

Manning's IrrationalNumbers and their Representation bySequences and Series 

lamo, I 25 
Mathematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward Octavo, each 1 00 

No. I. History of Modern Mathematics, by David Eugene Smith. 
Ifo. 2. Synthetic Projective Geometry, by George Bruce Halsted. 
Ifo. 3. Determinants, by Laenas Gifford Weld. No. 4. Hsrper- 
bolic Functions, by James McMahon. No. 5. Harmonic Func- 
tions, by William E. Byerly. No. 6. Grassmann's Space Analjrsis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. 8. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 9. Differential Equations, by 
WilUam Woolsey Johnson. No. 10. The Solution of Equations, 
by Mansfield Merriman. No. x x. Functions of a Complex Variable, 
by Thomas S. Fiske. 

Maurer's Technical Mechanics 8vo, 4 00 

Met! fman's Method of Least Squares 8vo, 2 00 

Solution of Equations 8vo, i 00 

Rice and Johnson's Differential and Integral Calculus. 2 vols, in one. 

Large i2mo, i 50 

Elementary Treatise on the Differential Calculus Large i2mo, 3 00 

Smith's History of Modern Mathematics 8vo, x 00 

* Veblen and Lennes's Introduction to the Real Infinitesimal Analysis of One 

Variable 8vo, 2 00 

* Waterbury's Vest Pocket Hand-Book of Mathematics for Engine- rs. 

2iXsf inches, mor., x 00 

Weld's Determinations 8vo, i 00 

Wood's Elements of Co-ordinate Geometry 8vo, 2 00 

Woodward's Probability and Theory of Errors 8vo, i 00 

MECHANICAL ENGINEERING. 

MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS. 

Bacon's Forge Practice.* x2mo, x 50 

Baldwin's Steam Heating for Buildings i2mo, 2 50 

Bair's Kinematics of Machinery 8vo, 2 50 

* Bartlett's Mechanical Drawing 8vo, 3 00 

* " " " Abridged Ed 8vo, 150 

Benjamin's Wrinkles and Recipes i2mo, 2 00 

* Burr's Ancient and Modem Engineering and the Isthmian Canal 8vo, 3 50 

Carpenter's Experimental Engineering 8vo, 6 00 

Heating and Ventilating Buildings 8vo, 4 00 

Clerk's Gas and Oil Engine Large i2mo, 4 00 

Compton's First Lessons in Metal Working i2mo, x 50 

Compton and De Groodt's Speed Lathe l2mo, i 50 

Coolidge's Manual of Drawing 8vo, paper, i 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical En- 
gineers Oblong 4to, 2 50 

Cromwell's Treatise on Belts and PuUejrs x2mo, x 50 

Treatise on Toothed Gearing x2mo, i 50 

Durley's Kinematics of Machines 8vo, 4 00 

13 



FUther's Dynamometers and the Measurement of Power. z2mo, 3 00 

Rope DriTing. z2mo, 2 o^ 

Gill's Gas and Fuel Analysis for Engineers i2mo, i 25 

Goss'ii Locomotive Sparks 8vo, 2 00 

Hall's Car Lubrication. z2mo, i 00 

Bering's Ready Reference Tables (Conversion Factors) i6mo, mor., 2 50 

Hobart and Elds's High Speed Dynamo Electric Machinery. (In Press.) 

Hutton's Gas Engine 8vo, 5 00 

Jamison's Advanced Mechanical Drawing. 8vo, z 00 

Elements of Mechanical Drawing 8vo, 2 50 

Jones's Machine Design: 

Part L Kinematics of Machinery. 8vo, i 50 

Part n. Form, Strength, and Proportions of Parts 8vo, 3 00 

Kent's Mechanical Engineers' Pocket-book i6mo, mor , 5 00 

Kerr's Power and Power Transmission 8vo, 2 00 

Leonard's Machine Shop Tools and Methods) 8vo, 4 00 

* Lorenz's Modern Refrigerating Machinery. (Pope, Haven, and Dean.) . . 8vo, 4 00 
MacCord's Kinematics; or. Practical Mechanism 8vo, 5 00 

Mechanical Drawing 4to, 4 00 

Velocity Diagrams 8vo, i 50 

MacFarland's Standard Reduction Factors for Gases 8vo, i 50 

Mahan's Industrial Drawing. «(Thompson.) 8vo, 3 50 

* Parshall and«Hobart's Electric Machine Design Small 4to, half leather, 12 50 

Peele's Compressed Air Plant for Mines. (In Press.) 

Poole's Calorific Power of Fuels 8vo, 3 00 

* Porter's Engineering Reminiscences, 1855 to 1882 8vo, 3 00 

Reid's Course in Mechanical Drawing 8vo, 2 00 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 3 00 

Richard's Compressed Air i2mo, x 50 

Robinson's Principles of Mechanism 8vo, 3 00 

Schwamb and Merrill's Elements of Mechanism 8vo, 3 00 

Smith's (O.) Press-working of Metals 8vo, 3 00 

Smith (A. W.) and Marx's Machine Design 8vo, 3 00 

Thurston's Animal as a Machine and Prime Motor, and the Laws of Energetics. 

i2mo, X 00 

Treatise on Friction and Lost Work in Machinery and Mill Work... 8vo, 3 00 

Tillson's Complete Automobile Instructor z6mo, i 50 

mor., 3 00 

* Titsworth's Elements of Mechanical Drawing Oblong 8vo, i 25 

Warren's Elements of Machine Construction and Drawing 8vo, 7 50 

* Waterbury's Vest Pocket Hand Book of Mathematics for Engineers. 

2|X5f inches, mor., i 00 

Weisbach's Kinematics and the Power of Transmission. (Herrmann — 

KJein.). . 8vo, 5 00 

Machinery of Transmission and Governors. (Herrmann — Klein.). .8vo, 5 00 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

Wood's Turbines 8vo, 2 50 

MATERIALS OF ENGINEERING. 

* Bovey's Strength of Materials and Theory of Structures 8vo, 7 50 

Burr's Elasticity and Resistance of the Materials of Engineering 8vo, 7 50 

Church's Mechanics of Engineering 8vo, 6 00 

* Greene's Structural Mechanics 8vo, 2 50 

Holley and Ladd's Analysis of Mixed Paints, Color Pigments, and Varnishes. 

Large i2mo, 2 50 

Johnson's Materials of Construction 8vo, 6 00 

Keep's Cast Iron 8vo, 2 50 

Lanza's Applied Mechanic« 8vo, 7 50 

14 



Maire's Modem Pigments and their Vehicles i2mo, 2 00 

Martens 's Handbook on Testing Materials. (Henning.) 8yo, 7 50 

Maurer's Technical Mechanics. 8to, 4 00 

Merriman's Mechanics of Materials 8vo, 5 00 

* Strength of Materials lamo, i 00 

Metcalf's SteeL A Manual for Steel-users lamo, 2 00 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 00 

Smith's Materials of Blachines i2mo, x 00 

Thurston's Materials of Engineering 3 vols., 8vo, 8 00 

Part I. Non-metallic Materials of Engineering, see Civil Engineering, 
page 9. 

Part n. Iron and Steel 8vo, 3 50 

Part in. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 2 50 

Wood's (De V.) Elements of Analytical Mechanics 8vo, 3 00 

Treatise on the Resistance of Materials and an Appendix on the 

Preservation of Timber 8vo, 2 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel 8vo, 4 00 

STEAM-ENGINES AND BOILERS. 

Berry's Temperature-entropy Diagram i2mo, z 25 

Camot's Reflections on the Motive Power of Heat. (Thurston.) i2mo, z 50 

Chase'^ Art of Pattern Making X2mo, 2 50 

Creighton's Steam-engine and other Heat-motors 8vo, 5 00 

Dawson's "Engineering" and Electric Traction Pocket-book. . . .i6mo, mor., 5 00 

Ford's Boiler Making for Boiler Makers i8mo, i 00 

Goss's Locomotive Performance 8vo, 5 00 

Hemenway's Indicator Practice and Steam-engine Economy Z2mo, 2 00 

Button's Heat and Heat-engines 8vo, 5 00 

Mechanical Engineering of Power Plants 8vo, 5 00 

Kent's Steam boiler Economy 8vo, 4 00 

Kneass's Practice and Theory of the Injector 8vo, i 50 

MacCord's Slide-valves 8vö, 2 00 

Meyer's Modem Locomotive Construction 4to, 10 00 

Moyer's Steam Turbines. (In Press.) 

Peabody's Manual of the Steam-engine Indicator i2mo. x 50 

Tables of the Properties of Saturated Steam and Other Vapors 8vo, x 00 

Thermodjrnamics of the Steam-engine and Other Heat-engines 8vo, 5 00 

Valve-gears for Steam-engines .8vo, 2 50 

Peabody and Miller's Steam-boilers .- 8vo, 4 00 

Pray's Twenty Years with the Indicator Large 8vo, 2 50 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterberg.) x2mo, i 25 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large x2mo, 3 50 

Sinclair's Locomotive Engine Running and Management X2mo, 2 00 

Smart's Handbook of Engineering Laboratory Practice x2mo, 2 50 

Snow's Steam-boiler Practice 8vo, 3 00 

Spangler's Notes on Thermodynamics x2mo, x 00 

Valve-gears 8vo, 2 50 

Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo, 3 00 

Thomas's Steam-turbines 8vo, 4 00 

Thurston's Handbook of Engine and Boiler Trials, and the Use of the Indi- 
cator and the Prony Brake 8yo, 5 00 

Handy Tables 8vo, i 50 

Manual of Steam-boilers» their Designs, Construction, and Operation..8vo, 5 00 
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Thurston's Manual of the Steam-engine 2 vols., 8vo, 10 00 

Part L History, Structure, and Theory 8vo, 

Part n. Design, Construction, and Operation 8vo, 

Stationary Steam-engines 8vo, 

Steam-boiler Explosions in Theory and in Practice 12mo, 

Wehrenfenning's Analysis and Softening of Boiler Feed-water (Patterson) 8vo, 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo, 

Whithara's Steam-engine Design 8vo, 

Wood's Thermodynamics, Heat Motors, and Refrigerating Machines. . .8vo, 

MECHAinCS PURE AND APPLIED. 

Church's Mechanics of Engineering 8vo, 

Notes and Examples in Mechanics 8vo, 

Dana's Text-book of Elementary Mechanics for Colleges and Schools. .i2mo. 
Du Bois's ElenMntary Principles of Mechanics: 

VoL I. Kinematics 8vo, 

VoL n. Statics 8vo, 

Mechanics of Engineering. VoL I Small 4to, 

Vol. n Small 4to, 10 

* Greene's Structural Mechanics 8vo, 

James's Kinematics of a Point and the Rational Mechanics of a Particle. 

Large 12mo, 

* Johnson's (W. W.) Theoretical Mechanics 12mo, 

Lanza's Applied Mechanics 8vo, 

* Martin's Text Book on Mechanics, Vol. I, Statics 12mo, 

* Vol. 2, Kinematics and Kinetics . .i2mo, 
Maurer's Technical Mechanics 8vo, 

* Merriman's Elements of Mechanics. 12mo, 

Mechanics of Materials 8vo, 

* Micbie's Elements of Analytical Mechanics .8vo, 

Robinson's Principles of Mechanism 8vo, 

Sanborn's Mechanics Problems Large 12mo, 

Schwamb and Merrill's Elements of Mechanism 8vo, 

Wood's Elements of Analytical Mechanics 8vo, 

Pciiyiples of Elementary Mechanics 12mo, 

MEDICAL. 

Abderhalden's Physiological Chemistry in Thirty Lectures. (Hall and Defren). 
(In Press). 

von Behring's Suppression of Tuberculosis. (Bolduan.) i2mo, 

* Bolduan's Immune Sera i2mo, 

Davenport's Statistical Methods with Special Reference to Biological Varia- 
tions i6mo, mor. , 

Ehrlich's Collected Studies on Immunity. (Bolduan.) 8vo, 

* Fischer's Physiology of Alimentation Large i2mo, cloth, 

de Fursac's Manual of Psychiatry. (Rosanoff and Collins.) Large i2mo, 

Hammarsten's Text-book on Physiological Chemistry. (MandeL) 8vo, 

Jackson's Directions for Laboratory Work in Physiological Chemistry . . .8vo, 

Lassar-Cohn's Practical Urinary Analysis. (Lorenz.) i2mo, 

Mandel's Hand Book tor the Bic-Chemical Laboratory i2mo, 

* Pauli's Physical Chemistry in the Service of Medicine. (Fischer.) . . . . i2mo, 

* Pozzi-Escot's Toxins and Venoms and their Antibodies. (Cohn. ) z 2mo, 

Rostoski's Serum Diagnosis. (Bolduan.) i2mo, 

Ruddiman's Incompatibilities in Prescriptions 8vo, 

Whys in Pharmacy i2mo, 

Salkowski's Physiological and Pathological Chemistry. (Omdorff.) 8vo, 

* Satterlee's Outlines of Human Embryology i2mo. 

Smith's Lecture Notes on Chemistry for Dental Students 8vo, 
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Steel's Treatise on the Diseases of the Dog 8vo, 3 50 

♦ Whipple's Typhoid Fever Large i2mo, 3 00 

Woodhull's Notes on Military Hygiene i6mo, i 50 

♦ Personal Hygiene i2mo, i 00 

Worcester and Atkinson's Small Hospitals Establishment and Maintenance, 

and Suggestions for Hospital Architecture, with Plans for a Small 

Hospital lamo, z as 

METALLURGY. 

Betts's Lead Refining by Electndysis 8vo. 4 oo 

BoUand's Bncyclopedia of Foimdlng and Dictionary of Foondiy Terms Used 

in the Practice of Moulding i2mo. 

Iron Founder l2mo. 

* * " Supplement l2mo, 

Douglas's Untechnical Addresses on Technical Subjects i2mo, 

Goesel's Minerals and Metals: A Reference Book. i6mo, mor. 

♦ Iles's Lead-smelting 12mo, 

Keep's Cast Iron 8vo, 

Le Chatelier's High-temperature Measurements. (Boudouard — Burgess.) l2mo, 

Metcalf's Steel. A Manual for Steel-users 12mo, 

Miller's Cyanide Process 12mo 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . . . 12mo, 

Robine and Lenglen's Cyanide Industry. (Le Clerc). ... 8vo, 

Riier's Elements of Metallography. (Mathewson). (In Press.) 

Smith's Materials of Machines 12mo, 

Thurston's Materials of Engineering. * In Three Parts 8vo, 

part I. Non-metallic Materials of Engineering, see Civil Engineering, 
page 9. 

Part n. Iron and SteeL 8vo, 3 SO 

Part HL A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 

Ulke's Modem Electroljrtic Copper Refining 8vo, 

West's American Foundry Practice l2mo, 

Moulders Text Book l2mo, 

Wilson's Chlorination Process izmo. 

Cyanide Processes 12mo, 

MINERALOGY. 

Barringer's Description of Minerals of Commercial Value. Oblong, morocco, 

Boyd's Resources of Southwest Virginia 8vo 

Boyd's Map of Southwest Virginia Pocket-book form. 

* Browning's Introduction to the Rarer Elements 8vo, 

Brush's Manual of Determinative Mineralogy. (Penfield.) 8vo, 

Butier's Pocket Hand-Book of Minerals 16mo, mor. 

Chester's Catalogue of Minerals 8vo, paper. 

Cloth, 

Crane ' s Gold and Silver. ( I n Press. ) 

Dana's First Appendix to Dana's New " System of Mineralogy. .". .Large 8vo, 

Manual of Mineralogy and Petrography i2mo 

Minerals and How to Study Them lamo, 

System of Mineralogy Large 8vo, half leather, 12 

Text-book of Mineralogy 8vo, 

Douglas's Untechnical Addresses on Technical Subjects lamo, 

Eakle's Mineral Tables 8vo, 

Stone and Clay Products Used in Engineering. (In Preparation). 

Egleston's Catalogue of Minerals and Synonyms 8vo, 

Goesel's Minerals and Metals : A Reference Book z6mo, mor. 

Groth's Introduction to Chemical Crystallography (Marshall) zamo, 

17 



2 


SO 


3 


00 


2 


SO 


2 


50 


X 


SO 


I 


SO 




SO 




00 




00 




50 




00 




00 




00 




2S 




00 




00 




SO 


[2 


SO 




00 




00 




25 




50 




00 




35 



'^ Iddlngt'i Rock Minerals ftvo, 5 00 

Joh«nnsen*B Determination of Rock-foniiinc Minerals in Thin Sections 8vo, 4 00 

* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe, izmo, 60 
Merrill's Non-metallic Minerals: Their Occurrence and Uses 8vo, 4 00 

Stones for Building and Decoration ,,, .. 8vo, 5 00 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

8vo, paper, 50 

TaUes of Minerals, Including the Use of Minerals and Statistics of 

Domestic Production 8vo, x 00 

Pirsson's Rocks anid Rock Minerals. (In Press.) 

* Richards's Synopsis of Mineral Characters i2mo, mor. 

* Ries's Clays: Their Occurrence, Properties, and Uses 8vo, 

* Tillman's Text-book of Important Minerals and Rocks .Svo» 

MINING. 

* Beard's Mine Gases and Explosions Large lamo, 

Boyd's Map of Southwest Virginia Pocket-book form. 

Resources of Southwest Virginia 8vo» 

Cnuie's G<dd and Silver. (I n Press.) 

Douglas's Untechnical Addresses on Technical Subjects. lamo, 

Eissler's Modem High Explosives 8to. 

Goesel's Minerals and Metals : A Reference Book i6mo, mor. 

li Iseng's Manual of Mining 8vo, 

* nes's Lead-smelting lamo. 

Miller's Cyanide Process x2mo, 

O'DriscoU's Notes on the Treatment of Gold Ores. 8vo, 

Pede's Compressed Air Plant for Mines. (In Press. ) 

Riemer's Shaft Sinking Under Difficult Conditions. (Coming and Peele) . . . Svo, 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 

* Weaver's Military Explosives 8vo, 

Wilson's Chlorination Process xsmo, 

Cyanide Processes xamo, 

Hydraulic and Placer Mining. 2d edition, rewritten x2mo. 

Treatise on Practical and Theoretical Mine Ventilation. xamo, 

SANITARY SCIENCE. 

Aseodation of State and National Food and Dairy Departments, Hartford Meeting, 

1906 8vo, 

Jamestown Meeting, 1907 8vo, 

* Basbore's Outlines of Practical Sanitation 12mo, 

Sanitation of a Country House 12mo, 

Sanitation of Recreation Camps and Parks 12mo, 

Folwell's Sewerage. (Designing, Construction, and Maintenance.) 8vo, 

Water-supply Engineering 8vo, 

Fowler's Sewage Works Analyses 12ma, 

Fuertes's Water-filtration Works 12mo, 

Water and Public Health 12mo, 

Gerhard's Guide to Sanitary House-inspection 16mo, 

* Modem Baths and Bath Houses 8vo, 

Sanitation of Public Buildings 12mo, 

Hazen's Clean Water and How to Get It Large l2mo. 

Filtration of Public Water-supplies .8vo, 

Kinnicut, Winslow and Pratt's Purification of Sewage. (In Press. ) 

Leach's Inspection and Analysis of Food with Special Reference to State 

Control 8vo, 

Mason's Examination of Water. (Chemical and Bacteriological) 12mo, 

Water-supply. (Considered principally from a Sanitary Standpoint) . . Svo, 
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* Merriman's Elements of Sanitary Encineering 8vo, 

Ogden's Sewer Design l2mo, 

Parsons's Disposal of Municipal Refuse 8vo, 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis. 12mo, 

* Price's Handbook on sianitation. 12mo, 

Richards's Cost of Food. A Study in Dietaries 12mo, 

Cost of Living as Modified by Sanitary Science 12mo, 

Cost of Shelter 12mo, 

* Richards and Williams's Dietary Computer 8vo, 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point 8vo, 

Rideal's Disinfection and the Preservation of Pood 8vo, 

Sewage and Bacterial Purification of Sewage Svo, 

Soper's Air and Ventilation of Subways. (In Press. ) 

Tumeaure and Russell's Public Water-supplies 8vo, 

Yenable's Garbage Crematories in America 8vo, 

Method and Devices for Bacterial Treatment of Sewage 8vo, 

Ward and Whipple's Freshwater Biology. (In Press. ) 

Whipple's Microscopy of Drinking-water 8vo, 

* Tsrphod Fever. Large l2mo, 

Value of Pure Water Large 12mo, 

Winton's Microscopy of Vegetable Foods. 8vo, 

MISCELLANEOUS. 

Emmons's Geological Guide-book of the Rocky Mountain Excursion of the 

International Congress of Geologists Large 8vo, 

Ferrel's Popular Treatise on the Winds 8vo» 

Fitzgerald's Boston Machinist i8mo, 

Gannett's Statistical Abstract of the World 24mo, 

Haines's American Railway Management 12mo, 

* Hanusek's The Microscopy of Technical Products. (Winton^ 8vo, 

Ricketts's History of Rensselaer Polytechnic Institute 1824-1894. 

Large lamo, 

Rotherham's Emphasized New Testament Large 8vo» 

standage's Decoration of Wood, Glass, Metal, etc i2mo, 

Thome's Structural and Physiological Botany. (Bennett) 16mo, 

Westermaier's Compendium of General Botany. (Schneider) 8vo, 

Winslow's Elements of Applied Microscopy 12mo, 



HEBREW AND CHALDEE TEXT-BOOKS. 

Green's Elementary Hebrew Grammar lamo, x as 

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament Scriptures. 

(Tregelles.) SmaU 4to, half morocco, 5 00 
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